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PREFACE
This guidebook will inform those curious
about parasites and other symbionts associated with marine and estuarine hosts in
the northern Gulf of Mexico. Designed as a
teaching aid for students, fishermen, seafood consumers, beachcombers, and even
parasitologists, it should allow for better
understanding and appreciation of several
of the numerous shellfish and finfish symbionts. (A symbiotic organism is one that
interacts with the host in or on which it
lives.) Even though most selected examples
are from Mississippi and other regions along the northern Gulf, the same or related
species also occur along the Atlantic seaboard and elsewhere; present informatioi-:i
should apply similarly for several but not all
of those cases. Some symbionts significantly
affect the size and production of a fishery
and consumption of the product, whereas
others mostly stimulate environmental or
academic interests. In the natural environment, parasitic relationships seldom result
in harm to the host. Harm, however, often
becomes apparent when animals are concentrated and confined as they are during
culture or when they are otherwise stressed.
This guide will discuss some of those cases.
This guidebook is divided into sections
discussing the various hosts of parasites.
Primary headings refer to basic host-types.
The reader, however, must keep in mind
that groups of both symbionts and hosts
overlap. The same parasite may have a
different stage of its life history infecting a
shrimp, a fish , a nd a bird. Consequently,
perusal of several sections may help the
reader understand more about the symbionts of any particular host.
The guidebook has been written with
both the student without a strong biological
background and the layman in mind, but it
presents additional separate notes for more
serious readers interested in technical aspects. That technical section, in the latter
half, directs the reader to referenced scientific literature which either presents supporting data or reviews the topics under con-
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sideration. An effort has been made to define
scientific terminology either in the text or in
a glossary at the end of the guide. Terms presen ted in the glossary are indicated by an
asterisk (*) the first and occasionally other
times they a~e used. Diagram s, illustrations,
photographs, and legends provide further
assistance.
Latin names have been included as well
as common names for three reasons. First,
some organisms have no common name.
Second, a specific common name may refer
to more than one animal or one animal may
have several common names. When most
people talk about the blue crab, they probably talk about Callinectes sapidus, but
they might also knowingly or unknowingly
be referring to Callinectes similis, Callinectes ornatus, or a variety of other related
crabs. On the other hand, residents of
Mississippi call the spotted seatrout (Cynoscion nebulosus) a speck or speckled trout
whereas people elsewhere may call it or a
related species by the name weakfish,
squeteague, or any of several others. Third,
knowing a Latin name often allows one to
more easily find other literature about the
organism.
A binomial name, that is the two-component Latinized name of an organism, consists of the capitalized generic name and the
noncapitalized specific name. One or several
species may occur in a genus, and different
taxonomists, scientists who deal with the
nomenclatural problems, may not all agree
to which genus a given species belongs.
Nevertheless, names allow people to refer to
specific organisms. Some names reflect the
animal's characteristics, its locality, or its
finder, whereas others are merely fabricated.
Readers interested in the h ygienic aspects
of eating infected finfishes and shellfishes
may be comforted by the fact that cooking
destroys all potentially harmful agents in
seafood products from the northern Gulf of
Mexico. Perhaps this statement needs some
qualification. A person could acquire gastric distress from eating cooked seafood if
staphylococci toxin was present, if contam-
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ination occurred after cooking, if the product was spoiled before cooking, or if
condiments contained salmonellae, shigellae, or some other infectious bacteria.
Also, h eavy metals and some o ther n onparasitic toxins are n ot destroyed by
cooking. Products infected with parasites
should not dismay a consumer. Seldom does
one get the opportunity to see some of these
puzzling little invaders! If infected products
are cooked, all become edible, a few have less
appeal and flavor, and several taste better because of the added rich, juicy worm nestled
among the tissue. I am willing to admit,
h owever, that most people preferring infected products do not realize that the
" flavor bud" is a parasite.

INTRODUCTION TO
SYMBIOSIS
As is the case with many scientific endeavors, the same concept or item may be
referred to by different terms, and, conversely, different concepts or items can be called
the same n ame. Seldom does one realize that
confusion exists until h e progresses into a
discussion. What is a parasite? Does it have
to harm its h ost? If so, does it have to h arm
all the differen t hosts in all stages of its life?
Does it have to be smaller than its host? Can
it be the same species as the host? Depending
on how one prefers to answer the above
questions, even a human baby can qualify
as a parasite. Before birth the fetus nourishes
itself al th e expense of its host (mother) and
releases toxic wastes into that host; occasionally at birth, it even causes the host's
death. After normal birth, it continues to
suck vital nutrients from the host. From
another viewpoint, even after maturing,
that offspring may obtain its well being
from its parents or friends at their expense. By defining terms now, we should
have a clearer understanding of some of the
different types of relationships among animals. T hree terms that must be understood
to aid in understanding parasites are
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"symbiosis," "commensalism," and "mutualism."
"Symbiosis," which means " living together," accounts for a variety of long and
sh ort term relationships that benefit one or
both parties. For purposes of simplicity, I
consider symbiotic rela tions to be those specia lized associations ranging from commensalism, wh ere neither party is harmed
and both could live without the other, to
mutualism , where both parties benefit each
other and neither could live without th e
other. A true parasite lies in between. Parasitism defines a one-way relationship in
which one partner, the parasite, depends
upon and benefits from the other partner,
the h ost. T he host is usually the larger of any
two associates and can be harmed by the
parasite. Actually, much overlap in types of
relationships exists, and, for most readers,
what happens in a given relationship far
surpasses in importance the term someone
may wan t to tag on it.
"Commensalism" means "eating at the
same table." A sea anemon e attached to the
molluscan shell of a hermit crab derives
mobility and scraps of food from the crab
without being metabolically dependent on
it. The relationship, however, migh t not be
one sided and may be truly mutual. In some
cases, the anemone, by virtue of its stinging
tentacles, contributes by warding off octopuses or other predators from the crab. The
degree of benefit to each party depends on
the species of anemone and crab involved as
well as the environmental conditions and
the additional organisms which make up
the communi ty•. In the northern Gulf of
Mexico, a specific anemone (Calliactis tricolor) usually attaches to a shell, often of the
moon snail, inhabited by a hermit crab
(e.g ., Pagurus longicarpus), as illustrated in
Figure 1.
Some inhabited shells harbor hydroids
rather than anemones. Two species of hydroids (Podocoryne selena an d Hydractinia
echinata) commonly use this movable substratum• in the northern G ulf o f Mexico
(Figure 2). They probably benefit the crab
because colonies of each possess protective

Figure 3. A commensal hydroid (Clytla sp.)
attached to a coquina clam (Donax roemerl
protracta). The hydroid benefits by having a
substratum along a sandy beach on which to
attach, but neither clam nor hydroid harms
the other.

Figures 1 and 2. Hermit crabs with symbionts
~n . t~ei, molluscan shells. Top, two
md1v1duals of an anemone (Ca//lact/s
tricolor) on the moon snail Inhabited by
Pagur'!s long/carpus. Bottom, a hydroid
covering the shell housing Pagurus
poll/earls.

stinging zooids• in addition to the nutritive, generative, and sensory ones found in
colonies of related nonsymbiotic h ydroids.
Commensalism can be expanded to include "ph oresis" meaning " traveling together." T h e two parties in this relationship do not eat at the same table. A possible
example of a phoront is a h ydroid (Clytia
s~.) that attaches to the posterior edge of a
hve coquina's shell (Figure 3). T hese
clams m Texas with the hydroid a ttached
c?nt~ined no internal parasitic flukes. T h is
fmdm g suggests the hydroid prevented the
parasitic infection•. If true, we could interpret_t~e clam-hydroid rela tionship as mutua hsuc, a relationship to be discussed
late:, because both parties benefit. If C lytia
sp. is a phoront, it benefits only by utilizing

the cla m shell as something hard on which
to attach in the turbulent beach habitat. If,
however, the clam benefits by being protect~d fro m infection by a parasite tha t destroys
Its reproductive tissue, that hydroid is somewha t mutualistic even though both the clam
a nd h ydroid can live withou t the other.
Already the reader probably realizes that
we do not a lways know what constitutes a
p a rasite. When a symbiont depends entirely
on a h ost, occasionally harming it in the
process, it is unequivocally a parasite. Harm
~an r~sult from boring in to tissues, digestmg tissues, displacin g vital tissues, releasing toxic metabolic products, or competing
for nutrients. Some parasites even live apart
from their hosts for a portion of their lives
whereas others always remain with thei;
hosts, but act as commensal until confronted with a particular stress. Tapeworms a nd
spiny-headed worms are obvious parasites
since they have no gut and necessaril y depend on their hosts to provide all their
nutrients in a state that can pass through
their body surfaces. W hether many oth er
symbio n ts are parasites requires a subjective
decision.
The difference between a parasite and predator can also be con fusing. Some animals
kill their p rey outrig ht rather than depend
on a living source of food, and these constitute predators. When animals feed o n a
variety of prey much smaller than themselves, they act as predators. However, some
micropredators and even large predators
periodically eat away part of specific species
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of prey without killing them, and these
could be considered parasites. I will let the
reader term such a relationship anything he
desires, but the more biochemically and
physiologically dependent a "predator" becomes on a given "prey," the more parasitic
the relationship becomes.
In a well-adapted host-parasite relationship, the host is not significantly harmed.
This may sound like a contradiction, but as
a parasite becomes more dependent on a specific host species, it becomes more vulnerable to extinction if it or anything else
seriously harms that host. It must be able to
obtain its well being from the host without
harming it because the parasite needs a
healthy host to survive. Strangely, however,
a well-adapted parasite often benefits when
one of its larval stages affects the intermediate host in such a manner that the final
host can prey on that intermediate host more
easily and thereby insure completion of the
parasite's life cycle.
Usually for a parasite to harm its host, the
host is either stressed or weakened or the infection is either "accidental" or heavy. An
accidental, or incidental, parasite afflicts
a host other than its normal one. Excessive
numbers of an otherwise harmless parasite
in the normal host can cause disease•.
Twenty or so hookworms in an individual's
intestine would have no esthetic appeal if he
knew about them, but such an infection
would not constitute disease. When the
number of worms increases, especially in a
malnourished patient, a disease becomes
manifest. The actual number of worms
needed to cause bloody stools, anemia, loss
of appetite, a desire to eat soil, and other
symptoms of disease depends on both the
species of hookworm and the individual
person (host) involved.
"Mutualism" requires that both mutuals
depend on each other. In the strict sense, this
must be a metabolic• dependency in which
neither party survives without the other.
The combination of a termite with its internal protozoans provides an example close to
home. Intestinal flagellates produce the

enzyme cellulase which digests the ingested
wood so that the termite can utilize it.
Neither animal can survive for long by itself,
and the two together do much to benefit an
ecological community• (assuming a house
is not the food source!). In the ocean, numerous cases of mutualism occur. Many of
these include specific algae associated with
particular invertebrates.
Symbiotic algae inhabit various tissues
or cells of invertebrates belonging to numerous genera in at least ten phyla•. Reefbuilding corals provide often-men_tioned
examples. An assumption dictates that all
the invertebrate hosts would die without
their algae, but experimental studies have
shown that these otherwise greenish or
brownish (from chlorophyll•) corals and
other cnidarians may survive when bleached
in darkness from shedding their symbionts.
Nevertheless, the well-adapted relationships
benefit both parties, even though some animals may appear to exploit their algal mutualist excessively. In each association, the
benefits probably vary, and most have not
been thoroughly investigated. The invertebrate host provides nutrients and shelter for
the alga. The alga provides the host oxygen
and organic nutrients (by photosynthesis•);
removes carbon dioxide, nitrogenous wastes
and other metabolic products from host
cells; provides protective coloration for
the host; and in the case of corals, aids in
deposition of a calcified skeleton. Few of
these algae have been cultured and properly
identified. Consequently, for most associations, an alga's possible relationships with
different invertebrates, its metabolic demands on a host, and its ability to live
without a host have not been firmly established.
Most conspicuous examples of invertebrate-alga mutualism occur in tropical
waters, but some less conspicuous ones
occur in the northern Gulf. Perhaps some
readers will search for the typically greenish
or brownish invertebrate hosts. One is the
sun jellyfish (Cassiopea xamachana) which
occasionally can be found near Horn Island

where, when not swimming, it rests on the
bottom with its underside facing up, exposing the algal symbionts.
Hosts from Florida which appear to
utilize multiple symbionts are colonial
zoanthid anthozoans (two species of
Zoanthus, see Figure 4 for one of them).
Their greenish-brown polyps with extruded
tentacles give the impression of a flower;
the color is derived mostly from the internal
golden-brown zooxanthella .. Rather than
having one symbiont like corals and other
investigated hosts, these cnidarians have a
variety of symbionts. One form migrates
extensively, perhaps depending on the
amount of light present. Since the Floridian
zoanthids readily feed when presented small
crustaceans or pieces of fish, the symbionts
appear to have a function other than a sole
nutritive source. Some other animals
culture their food. Algae are grown in
amphipod tubes by some amphipod
inhabitants, and fungi grow on the
piec~s of leaves provid~d by Jeafcuttmg ants. The iden(Hi.cation and
interrelationships among the zoanthids and
symbionts other than the zooxanthella
(alga) which is similar in appearance to that
in most other cnidarian-algal associations
have not been established.

INVERTEBRATES AS
HOSTS
THE AMERICAN OYSTER

The American oyster (Crassostrea
~irginica) supports an important fishery
m mo~t regions where it occurs along the
Atlantic and Gulf of Mexico coasts from
Canada to Mexico. The benthic• animal
grows rapidly in the warm water of the
northern Gulf, reaching 8 centimeters (cm)
(about 3 inches, see glossary for examples
of m easurements) in as short a period as 4
months, but typically taking a year or so.
When on soft mud, it sinks and consequen tly grows thin and long to keep its

Figure 4. A colonial zoanthid anemone
commonly called a green sea mat. The
animal normally utilizes internal plant and
animal symblonts for Its well-being.

bill, or flared end, above the mud. On the
other hand, on a firm uncrowded bottom
the oyster forms a broad cupped shell. I;
grows best in estuarine• water with
reasonably constant salinity• between
15 and 30 ppt.
Figure 5 illustrates a partially shucked
(opened) oyster. In a closed oyster, the two
valves join anteriorly immediately internal
to the umbo, or beak, by a continually
replaced elastic hinge ligament. The large
adductor muscle, referred to as the "eye" by
shuckers, holds the valves together and must
be cut to open the oyster.
Special cells in the mantle secrete three
primary layers of the shell. Externally, a
thin horny organic layer (periostracum)
covers a middle prismatic layer of mineral
which develops most substantially on the
right flat valve. The inner shiny layer
(calcitic ostracum) usually constitutes the
thickest stratum.
Features· of the soft body are mostly selfexplanatory. Dark bands of sensory tentacles
border mantle flaps. Ciliary rows of the gills
direct up to 28 liters (about 30 quarts) of
water per hour. The gills remove oxygen
from and excrete wastes into that water.
They also accumulate food which, when
acceptable to the oyster, continues to be
conveyed to the mouth by action of cilia
(these structures will be described in a later
section on protozoans of fishes) on the gills
and palps.
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mouth,

,~ctum

labial
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Figure 5. Selected anatomical features of the American oyster. One valve has been removed and
portions of the oyster's soft tissues cut out to reveal structures.

Most young oysters function as males, but
may change sex one or more times in
subsequent years. During warm weather
between April and October an individual's
spawning often stimulates others to spawn.
Each oyster releases millions of eggs every
spawn and can spawn several times per
season. After a larva develops, it settles
in about a week and searches for a hard clean
surface on which to cement itself. The
greatest reproduction and subsequent
"setting" of young oyster larvae occurs in
May or June, depending on the water tern·
perature. The small oysters, called spat, often set on larger oyster shells, hut will utilizt>
almost anything. All stages are vulnerable to
some kind of symbiont. Predation is also

typically heavy, especially in summer. Because of this predation, a greater number of
young oysters from the fall set typically
survives to the following year compared
with the relatively larger spring set of spat.

Figure 6. The middle gaping oyster cannot
close its valves tightly. Several diseaseagents and environmental stresses can
cause gaping, but this condition Is a
common sign during the hot summer
indicating that the oysters may have heavy
infections of dermo. These dying oysters
~ecome easy pre_y for a number of predators,
including organisms previously acting as
commensals.

waters. Certain inorganic contaminants,
such as lead or mercury, and some algal
toxins are sometimes found in polluted
waters, and these may . be concentrated
in oysters growing there. These potential
toxins are not removed by cooking.
Even though no t harmful to man, several
parasites do injure the oyster. Most of these
cause significant disease• in oysters only
when an tagonized by additional stresses.
Environmental stresses - such as high
temperatu re, low salinity, excessive
siltation, or pollutants - prohahly all affect
some symbiotic relationships. When threat: ned, the soft-bodied oyster closes together
Its two thick shells, or valves. After becom i n g overp owered by predators or
in~olera ble conditions, the oyster gapes
(Figure 6) and soon after dies or is eaten.
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mortalities in Louisiana had been blamed
on oil pollution until the oil industry contracted Texas A&M to investigate the
problem in the l950's. Findings of that
study revealed many things about
the dermo organism, including how
t~ det~ct it easily. When infected oyster
ussue 1s placed for a week or more in a
thioglycollate culture medium with antibiotics, the organisms enlarge and become
readily distinguishable. These enlarged
cells develop a wall which turns a bluishblack color when stained with an iodine
solution (Lugol's) (Figure 7). Clusters of
these spores• can be detected without a
microscope. Most tissues of infected
individuals harbor the parasite, but the
gills, rectum, mantle, or adductor muscle
provide the best results.
Infections• by dermo have important
economic implications. The prevalence•
(percentage) of infected oysters and the
number of organisms per infected individual typically remain low during winter
and increase considerably during summer.
Periodically, the majority of adult oysters
on a reef succumb to this pathogen during
hot summer months, producing massive
kills, or epizootics. In order to avoid the
loss of these oysters to consumers several
years ago, William Demoran of the
Mississippi Marine Conservation
Commission would sample oysters from

Dermo
Public Health Aspects

People may be concerned about the
possibility of a parasitic infection from consuming raw oysters. No such parasite from
the American oyster has been implicated in
health problems. On the other hand, oysters
from polluted water do concentrate pathogenic human viruses and bacteria. These
human pathogens, however, are killed by
proper cooking and usually are not present
in oysters harvested from noncontaminated

M~ny oysters in the northern Gulf of
Mexico gape because of " d ermo" a
colloquial name for a disease caused by
Dermo cys t i·d zum
·
marinum (prese n tl y
know~ as Perkmsus marinus ). T his microorganism, once thought to be a protozoan
then a fu ngus, and now a protozoan again'
cannot be seen without a microscope'.
however' oysters d ym
· gm
. la te summer with'
a shrunken appearance a nd a yellowish cast
probably have d ermo. For a long ume
.
such

~.
Figure 7. Enlarged spores of dermo
(Dermocystldlum marlnum) that have been
cultured in a special fluid (thioglycollate
medium) and stained with iodine. The
method allows easy detection of this
organism which kills many stressed oysters
during the hot summer.
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Lower Square Handkerchief Reef during
the winter. If the sample revealed a high
prevalence of dermo, the Commission
allowed most of the oysters from that vulnerable region to be harvested then,
rather than wait for the expected summer
mortalities.
Salinity has often been considered the
critical factor regulating the disease since
infections rarely occur in water less than
15 ppt. Such is not always the case. In fact,
biologists from Mississippi and Florida
have found over half of many samples from
water less than 15 ppt to be infected. Often
oysters have infections in water that is fresh
or quite low in salt content.
Apparently temperature acts as the
primary controlling factor. Acquisition of
most infections probably occurs during
a period of high salinity, but development is
most pronounced when temperature is
relatively high. High temperature may decrease the host's ability to defend itself
against the organism, just as in discriminant
u se of steroids can cure one condition in a
p er son but a llow a nothe r previously
controlled condition to become expressed.
Juvenile oysters do not seem to develop
dermo as readily or severely as older ones.
Although host-mediated resistance• (also
see humoral and cellula r mechanisms in
glossary) in juveniles has been suggested,
the phenomenon is probably because young
oysters are in comparatively better health
than older ones and therefore better able
to fight off or control any challenging
infective agents. Active defense mechanisms
used to fight the parasite are well known and
chemical defenses may exist as well. Also,
young oysters commonly grow so fast that
they can reach adult size as fast as an infection can occur. This is especially true of
the numerous late summer-spawned oysters
that grow through the win ter when the
parasite is limited by lower temperature.
Oysters seem most susceptible to infection
and disease immediately after spawning.
The extreme stress associated with spawning apparently greatly weakens the oysters

and their defenses against the parasite.
Heavy oyster mortalities - an estimated
50% of the crop - occur annually on the
average from the disease in Florida. Fortunately, spat and juveniles quickly
reestablish reefs, even after extensive dieoffs.
Dermocystidium marinum is considered
rather specific for the American oyster.
However, a few other invertebrates harbor
similar and, in some cases, identical spores,
but apparently do not undergo mass
mortalities . Actua lly, severa l re la ted,
poorly-understood species infect oysters and
other invertebrates, and some of these can
cause mortalities in stressed hosts,
Other Symbionts and Diseases

Several other organisms in addition to
dermo-like agents cause disease in oysters.
Most necessitate a microscope to see. An
unidentified "mycelial" (suspected fungus,
see h ypha in glossary) disease infects oysters
from at least Texas and Louisiana
primarily in spring; infections result in
some mortalities, but show no obvious
relationships with salinity.
Other diseases of bacterial and fungal
origin also occur. O ne discussed here is
"foot disease." That name is a misnomer
because the oyster's foot, an organ which
aids crawling of the larva before it attaches,
becomes rapidly resorbed by the young spat
after setting. Apparently caused by a fungus,
small rough greenish spots speckle the inside of the shell under the attachment of the
adductor muscle. In severe cases, part of the
muscle separates from the shell and a horny
elastic cyst forms. As it extends beyond the
site of attachment, the cyst acquires a hard
calcareous encasem en t. T h e site of
attachment necessarily changes continually
to accommodate growth of the oyster and
shell . Thought by some to be more prevalent
in warm muddy waters, foot disease makes
an oyster vulnerable to predation because
the valves no longer close efficiently.
The cyst illustrated in Figure 8 may be
foot disease, a rare condition in Mississippi

Figure 8. A hard horny growth secreted by
the oyster. This may exemplify "foot
disease," a reaction by the oyster against a
fungus under the attachment of the adductor
muscle. Low quality pearls form when the
oyster secretes a protective coating around
an irritant.

Sound, or some other similar condition. A
variety of hard growths can develop in an
oyster. Pearls form when the oyster secretes
a protective calcareous coating around an
irritant such as a sand grain or a larval parasite, but these rarely have the quality
essential for good jewelry. "Mud pearls"
may also be caused by penetration of
mud worms at the site where the adductor
muscle attaches.
Consumers occasionally worry abou t
eating pink oysters. T his condition typically develops in oysters refrigerated for a
few days. A yeast can cause this, and it is destroyed with even m inimal cooking. Other
discolorations occur in live oysters. T he ad ductor muscle of an oyster that has fed on a
specific diatom (a very small alga) "bleeds"
a reddish pigment when cut. Certain
dinoflagella tes (other small algal forms)
and heavy metals also cause discoloration
m various tissues.
A microscope allows detection of spores•
of a gregarine protozoan._ Two similar
species, one infecting mostly mantle tissue
and the other infecting gill tissue, occur
commonly in Mississippi. Within the spores
are worm-like protozoans, and if eaten by
certain small crabs, the life cycle is
completed. Some inconclu si ve experimental evidence suggests that the gregarine
spores cause mortality in oysters. However,
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since the spores do not undergo reproduction like spores of Dermocystidium
marinum, they are not numerous, and they
cause little pathological change in the
oyster, the likelihood is greater for other
factors being involved in the mortalities.
A bucephalid digenean (flatworm) also
infects oysters in the northern Gulf of
Mexico. Some infected individuals gape,
suggesting harm caused by the fluke or an
associated stress. Most infected oysters,
however, become castrated, and their fullness and tastiness often improves like that of
a gelded domestic a nimal. T h e
improvemen t becomes noteworth y during
the summer whe n the condition of
uninfected oysters diminishes because of
spawning activity. Even though eating
oysters harboring the larval stages of this
fluke may be esthetically displeasing, the
con sumer cannot be harmed. T he larvae
only infect specific fishes which in turn
must be consumed by other fishes to mature.
Man digests both larval and adult stages.
Life cycles of other digenetic fl ukes, or
trematodes as they are often called, will be
discussed in detail later.
Any oyster in the Gulf can occasionally
harbor a tapeworm larva, one or two larval
roundworms, or a variety of amoeboid,
ciliated, or flagellated protozoans. When
the oyster undergoes stress, some of the
protozoans repr oduce extensivel y and
become implicated in disease. Quantification of the role of those protozoans in
oyster disease and mortality must await
further investigation.
A few larger symbionts, visible to the
naked eye, inhabit the oyster, but seldom
harm it by themselves. Those most likely
to arouse curiosity are a small snail, pea
crabs, and turbellarian flatworms.
A 5 millimeter (mm) long (see glossary
under measurements) 1 whitish snail
(commo nl y known as the impressed
odostome) congregates in numbers sometimes greater than 100 at the edge of an
oyster shell. Reaching over the edge, a snail
intermittently protrudes its proboscis into
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the oyster's mantle to feed on mucus and
tissues. Not specific to the oyster, but
apparently preferring it, the little gastropod also feeds on other molluscs and on
polychaete worms. It is part of the high
salinity oyster reef community•. Younger
snails replace the older ones in late
summer, more often inhabiting older
oysters.
Pea crabs associate with a variety of
inverte brates. One species, popularly
referred to as the oyster crab, commonly
invades oysters in New England and on
occasion inhabits individuals along the
northern Gulf, especially from high salinity
reefs such as those off Pass Christian,
Mississippi. Small crabs less than I mm
wide enter an oyster, usually settling on
the gill surface. Spat and year-old oysters
appear to attract more crabs, even though
the crab survives best in year-old and older
oysters. The pinkish female crab grows
along with the oyster until it reaches over
I cm wide. In contrast, the male remains
small and even has a hard stage which
allows it to leave one oyster to mate with
females in others. U sually one or two females occupy a n oyster, but ma n y can be
tolerated.
Not feeding directly on the oyster, the
crab nevertheless irritates and erodes the
h ost's gills. T o feed, it traps mucus and food
masses in its walking legs, or it picks strings
of food directly off the host's gills with its
pinch ers. Young crabs probably filter food
fro m the water.
From a gourmet's standpoint, any
diminishment caused in an oyster's
condition is compensated for by the
addition of a tasty morsel. In New England,
pea crabs get eaten both raw a nd cooked. If
cooked, the bite-sized morsels can be
sauteed or deep-fat fried alon g with h ermit
crabs and small fish.
T h e oyster "leech," actually n ot a leech
but a polyclad fla tworm (Figures 9 to
11 ), lives among oysters and feeds on them
or on associated animals such as ba rnacles.
Occasionally, if an oyster cannot eject an

Figures 9-11. A polyclad flatworm
(Stylochus elllptlcus) commonly known as
an "oyster leech." Top, the flatworm gliding
across a 105 mm long oyster valve. Note the
deeply-pigmented adductor muscle scar on
the shell. The degree of pigmentation varies
widely among individuals, and its presence
differentiates the American oyster from the
smaller Gulf oyster. The small dark areas
surrounded by lighter areas result from the
burrowing clam. Bottom left, close-up of
same flatworm. Bottom right, a preserved
and stained specimen of the same species.
The worm feeds on oysters and barnacles,
but seldom severely harms any oysters other
than young or stressed ones.

entering worm by rapid closure, i t will
secrete a horny partition along the margin
to keep the worm out. When oysters possess
several such concentric partitions, oyster
fishermen recognize th a t " leech es" have
been present. According to some people, the
flatworm has an easier time getting into spat
tha n ad ults a nd p eriodically causes
mortalities. Those infested adult oysters
typically also h arbor an infection of
D ermocystidium marinum.

Another related polyclad commonl y
occurs in the oyster drill, and it can even
enter an oyster. If one wanted to collect any
of the different polyclads, there is a trick to

it. An easy way is to place oysters or crushed
drills in a bucket of water from the mollusc's
habi tat and leave them for a day or so. Once
the water fouls and loses its oxygen to decomposing hosts, the fla tworms will crawl
about on the side of the bucket and can be
readily seen. Withou t a concerted collecting
effort, ma ny worms may be overlooked.
Indeed, most fall off or dry up and are never
seen by those who relish oysters-on-the-halfshell. An organic solvent such as xylene will
cause these and many other hidden
symbio nts to leave their host, but use of
such meth ods will kill the organisms.
With a dish of specimens plus some
healthy hosts, some enterp rising student
should be able to design an experiment to
study feeding and pathological effects on
th e hosts, to i nvestigate survival or
reproductive capabilities of the worms
u nder different conditions, and to win a
~rize ~n a science fair. All species usually
mhabit the mantle cavity of their hosts, but
I have observed specimens inside a drill's
shell near the top of the spire. What are they
doing there? One species in a hermit crab's
shell eats the crab's eggs, but, during
other seasons, helps maintain the inner
surface of the shell by feeding on fouling
organisms.
Shell-Burrowing Symblonts
A few associations between oyster and
symbiont involve species that burrow into
the shell. Even though confusion exists
concerning definitions, here I consider a
burrowing animal one tha t excavates a
sp~ce ~or the purpose of living all or a part
of Its hfe. In contrast, a borer is one which
forms a hole in order to obtain food or
inject a substance.
?ne_ burrower on high salinity reefs in
M i s si ss ippi ( D i ploth y ra sm i th ii )
commonly goes by the name burrowing (or
bormg) cla m (Figures 12 to 14). The foot of
a you ~g individual secretes an etching or
softening substa nce, allowing the serrated
margin of the clam's shell to rasp and scrape
a tu n nel. T h e cla m does not burrow inde-

Figures 12- 14. The burrowing clam
(Dlplothyra smith/I) In the oyster. Top,
oysters show the diagnostic small round
holes of the clam as well as the raised siphonchimneys that protect the burrow from silt.
Specimens of the hooked mussel occur on
both margins of the middle oyster; the outer
central portion of. that oyster's valve became
weakened and broke off because of clam
burrows. Middle, valve has been purposefully broken to expose clam. The small
Irregular holes are sponge burrows. The
conspicuous network of pits at the margin Is
actually an encrusting bryozoan. Bottom,
adult burrowing clams removed from their
final excavation site.

finitely, on ly excavating as a juvenile.
During summer months, spawning occurs
and the larval stage with its developed foot
finds and penetrates into an oyster or, less
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black blotches may speckle the mantle
visceral mass, and shell. The extensiv~
network of burrows creates rather brittle
shells. Each species of yellowish-to-orange
sponge seems to thrive best in different
salinity conditions. Some species turn
brownish when they die.

Figures 15-16. Radiographs of oyster valves. Left, the large opaque specimens of the burrowing
clam are surrounded by the marginal U-shaped burrows of the mud worm. Right, the burrowing
clam is surrounded by the network of cavities formed by a burrowing sponge. These photos are
printed from negatives made by the same apparatus that X-rays teeth.

often, into the shells of a few other molluscs.
After about 3 months of slow burrowing, the
clam's incomplete shell begins to reach its
full size and encloses the foot. That foot
degenerates as the clam matures. At about
1 cm in length, the separate males and
females remain stationary in the cavities.
Externally, this pest can be recognized
by its characteristic small hole in the
host's shell through which the clam receives
food and oxygen and removes excreted waste
products (Figure 12). Sometimes raised well
above the shell, relatively high siphonchimneys (note where oysters join in Figure
12) protect the clam from excess silt. When
a burrow approaches or extends into the
inner part of the shell, the oyster produces layers of a hard proteinaceous
material (conchiolin) to reinforce the
region . Nevertheless, burrows materially
weaken the shell, making the oyster vulnera ble to predation and less desirable to
consumers because the shells crumble apart.
As recently as 1975, Mississippi's oyster

season was opened early for the lower reefs
off Pass Christian because shells possessed
numerous clams.
Two other culprits in Mississippi
commonly burrow in shells, and these are
d epicted in radiographs ( often called
X-rays). Figure 15 shows both the clam and
U-shaped burrows of mud worms, whereas
Figure 16 reveals the numerous smaller
excavations made by the burrowing sponge
as well as the clams.
The mud worm, a polydorid polychaete
(Polydora websteri), forms mud blisters.
Larval individuals, after developing first in
egg capsules lining the adult's tube, become
planktonic and then settle onto the outside
of the shell or on the lip's margin to begin
burrowing. What starts as small horseshoeshaped depressions ultimately develop into
large U-shaped encasements of mucuscem ented mud along the inner shell-surface
covered by a host-secreted semitransparent
material. Following stressful periods of
high temperatures, often about November,

Figures 17 and 18. Oyster valve depicting the
presence of the mud worm. Top, blisters
result_ing from the oyster's protective
secretions. These signs also favor use of the
name "blister worm." Bottom, reverse side of
the same valve with typical external pits associated with the blisters.

m~d worms commonly lack the oyster's
th1ek, ~rote~tive, nacreous covering. Figure
17 depicts diagnostic blisters, and Figure 18
of the other side of the shell shows the external pits associated with those same
blisters. Whereas p roba bly not killing an
oyster: the presence of several of these
annelids often
. .
.. signifies that the oysterisin
poor con d1t10n.
You ng (alpha-stage) burrowing sponges
affect the shells of both living and dead
oysters. In fact, they continue growing after
the death of an oyster u ntil large masses are
forr_n:d. The size and shape of the small
cavllles (Figures 13 a nd 16) a nd the size and
shape of the siliceous (glass) spicules observable
·
·
'
.
. b y d issolving
away surrounding
ussue wah laundry bleach , characterize the
several species of Cliona. Unless the oyster
has gr~wn very old or undergone excessive
stress, It
does n 0 t a IIow direct
.
.
contact between Its tissue and the spo nge. It if does,

Fouling Organisms and Predators
A variety of animals grow on oysters.
These fouling organisms do not parasitize
them, but they may compete with them for
food: smother them, or prohibit spat
settling. Some of these are slipper shells
the h?oked mussel, sponges, bryzoans'.
hydroids, tunicates, and barnacles. A
polychaete (Nereis [=Neanthes] succinea)
much longer and greener than the reddish
polydori~? commonly crawls among these
foul~ng inhabitants and even feeds on
gaping oysters, acquiring spores o f
Dermoc~stidium marinum. Occasionally
one acodentally drops in with a shucked
oyster to the disgust of a consumer.

Comments on predators should be made
f~r a few reasons: one, to exemplify .the
difference between a parasite, which
seldom harms a non-stressed host, and a
predator, which eats and u sually kills its
"hoS t" -prey; two, to relate that some predator~, just like some disease-agents, can
deomate large populations; and three, to
emphasize that completion of some life
cycles of parasites depends upon a predator.
A variety of oyster predators exists in the
Gulf. T he most devastating is the southern
oyster drill, or conch, which will be treated
in detail· later. Another carnivorous
gastropod, the lightning whelk , also
consumes many oysters. It opens the oyster
shells by chipping away at the valves until
it can insert its proboscis. In some Atlantic
~oast _regions starfish eat many oysters, but
in Mississippi, blue crabs, mud crabs, and
stone crabs rank as more important
predators. A blue crab can consume many
spat each day (Figure 19). It prefers 3 to 4 cm
long individuals and seldom feeds on a large
oyster unless it is damaged or unhealthy.

14

Blue Crab

Marine Maladies?

15

THE BLUE CRAB

Figure 19. The valve of an oyster spat
showing a hole made by a blue crab in order
to eat the oyster.

Both mud and stone crabs help complete
life cycles of parasites by feeding on oyster
tissue. They a re definitive hosts for
gregarines a nd facilitate development a nd
dispersion of Dernocystidiurn rnarinurn
spores. Other examples of life cycles will
be presented in o ther sections. Fish such as
the cow-nosed ray eat many oysters as does
the black drum, which has well-developed
pharyngeal teeth to crush the oyster's
sh ell. Above a ll, man with his numerous
devised means to collect and p repare oysters
is the prima ry predator.
As indicated earlier, the southern oyster
drill (Thais haernastorna) is generally the
most devastating predator in the northern
Gulf. It does not always bore into the shell
of its prey (Figure 20). Aided by secretions,
boring involves movement of the radula, a
ribbonlike organ w ith rows of teeth, which
rasps back and forth etching away shell
materia l. Young modera tely-sized drills
usually bore oysters, especially large on es,
near the edge of the sh ell, whereas o lder
drills seldom bore at a ll. T he drill
apparently emits a paralytic agen t, a yellowish secretion from the anal gland, that
turns purple in sunlight. Oysters preyed
o n by drills often have purple stained
tissue. A drill can devour a large oyster
every few days and can kill nearly 100
week-old spat per day. Increased temperature usually increases feeding rates and
weakens oysters which in turn can be
disastrous to a reef.
Drills have a catastrophic effect because of

Figure 20. An oyster drill (conch) pulled back
from a bored spat on an old oyster valve. All
drills do not bore holes in their prey like the
one shown here. When a drill does bore into
its prey, the hole is often near the margin.

Figure 21. Snail (gastropod) egg-capsules
on the beach. The lightning whelk produced
the long string of capsules, the true tulip
deposited the triangular ones attached to the
string near the center, and the oyster drill
attached the narrow ones visible above those
of the tulip. If the embryos within the capsule
of the drill die, a purple color stains it. A hole
at the top indicates the young escaped.

their large populations. T h ey undergo
communal spawning, a ttaching egg cases
to a hard substratum•. With up to 10 or
more drills in a group, many young are
produced. Each drill typically produces
about 8, but sometimes up to 17, egg capsules an hour, and each of these encloses up
to 900 embryos: A mass (Figure 21) often
contains over 1000 of these 6 mm by 2 mm
capsules. Following a storm, a beachcomber
can observe masses of capsules washed up on
the beach. The purple color d iscloses that
th e embryos died, whereas an open hole
on the flattened top surface shows that the
larvae escaped. The drill is dispersed over
large areas because its larva is p lanktonic.

As the most economically important crab
from the Gulf and Atlantic states, the blue
crab (Callinectes sapidus) is caught primarily in chicken wire "crab pots" and
trawls by professional crabbers (Figure 22)
and in drop nets or on a piece of twine by
sports fisher m e n. Rather than being
attracted to poultry parts, pork scraps, or
fish using the a bove means, the soft-shelled
stage of the crab does not feed and can be
collected with a dip net or in an artificial
shelter. This special gourmet's delight remains in the soft stage for several hours
following molting. Molting will be
described later, but of importance here to
those who have never eaten soft-shelled
crabs is that the entire crab minus gills,
"apron*," and a narrow anterior portion
provides a rich broiled, fried, or barbequed
delicacy.
In most of the northern Gulf of Mexico,
the adult crab may spawn once or twice
during the 9 months from spring through
fall as opposed to once in C hesapeake Bay
where the crab concentrates spawning to
about a 2 month period. Spawning occurs in
high salinity regions, often near barrier
islands in the Gulf. If not in high salinity
water, the first larval stage (nauplius) held
by the female and the next larval stage (zoea)
die or do not develop properly. After developing in a h ighly saline habitat, the larva
metamorphoses (into a megalops), migrates
into estuaries, and metamorphoses again ( to
an early crab stage). Juveniles thrive in the
estuaries; they commonly inhabit the soft
muddy bottoms of navigational chan nels
and marsh regions. They mature within a
year, at which ti me a male typically
fertilizes and protects the female during her
final molt. Insemination occurs once in her
life, even though the stored sperm may
produce several "sponges" of eggs. U nlike
the female, the male typically remains in
the estuary and molts a few more times, in
some cases for as long as 5 years. The advent
of dropping temperatures, usually in
conj unction with lowered salinities brought

Figure 22. Commercial crabber and his son
emptying catch from crab pot into sorting
tray.

on by winter northerly winds, usuall y
signals females to leave the estuary. Atypical
conditions like the extended high salinities
in Lake Borgne, Louisiana, during late
1976 and early 1977 inhibited the migration,
thereby causing a decline in the winter's
crab catch in Mississippi Sound.
I presented the above features of the crab's
life history because they dictate the kinds
and amounts of symbionts that affect a crab.
Molting represents an example. When a
cra b sheds its mol t, it sheds ma n y
ectosymbion t s . Dis cuss ion of some
symbionts follows, not all of which are
shed by molting.
Protozoans and Microbes
As true parasites, microsporidan protozoans infect a variety of host cells. Of at
least five different species infecting the
blue crab, one (Arneson rnichaelis) deserves
special consideration because it harms the
most craqs and its life cycle is the only one
from the blue crab that has been established.
Because it is an internal infection, it is
not lost by molting, but it affects the crab's
behavior.
"Sick crabs," the term used by some
fishermen to designate individuals diseased
with Arneson rnichaelis, occur commo nly in
a variety of habitats from Chesapeake Bay
through Louisiana. Heavy infections can be
recognized easily because muscle tissue
acquires a chalky appearance in joints of
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Figure 23. Life cycle of a microsporidan (Arneson rnlchaelfs) in the blue crab. The cycle of this protozoan is direct; there is no true intermediate host. When a blue crab feeds on infected crab meat
or spores from another source, the long internal tubular filament of the spore turns inside out as it
protrudes, allowing the Infective nucleus and associated material to pass through _It and Infect a
host blood cell. Divisions of the microsporidan within the blood cell produce a continuous supply
of the parasite that reaches muscle tissue where there forms a string of developing spores. As a
spore approaches maturity, there are first two joined cells and then a single mature spore. Crab
meat infected with spores turns opaque and chalky. The muscle tissue surrounding the masses of
spores breaks down, and the crab becomes weakened and vulnerable to stress.

the appendages and the abdomen often
turns grayish. Even though virtually absent
from Mississippi Sound until spring of
1978, sick crabs typically inhabit nearby
Lake Pontchartrain and Lake Borgne in
Louisiana. Generally less than I% of the
crabs there show infections, but occasionally more than this number linger in warm
lagoons and close to shore. Perhaps this
disease has a great impact on young crabs. In
our studies, we have experimentally infected
both young and old individuals with out
difficulty. Naturally-infected crabs as
narrow as 2 cm across their carapace• have
been seen, but small crabs avoid most
routine collecting procedures by people

who would recognize infections. Naturally
infected crabs often fail to undergo migrations with noninfected counterparts, and
they tend to die more readily when stressed.
Before learning a bout the life history of
the infectious agent, fishermen would
smash infected crabs and return them to the
water, allowing noninfected blue crabs to
feed on the tissue a nd acquire the disease.
Education therefore helped the fishermen in
a way similar to the situation when oyster
fishermen from Chesapeake Bay a nd from
Puget Sound, Washington, learned that for
each starfish arm ripped off with a central
portion, another predator starfish regenerated to feed on their crop.

Figure 24. Highly magnified view of microsporldan spores (Arneson rn/chae//s) among
muscle fibers of blue crab.

A diagram (Figure 23 ) r evea ls an
extreme ly magnified representation of
stages in the cycle. A mature spore (Figure
24) measures about one-fourth that of a
human red blood ceq ( 1.9 microns[µ] versus
7.6 µ). Under appropriate conditions, an
ingested spore everts its long internal
tube (polar fila ment), an action roughly
analogous to blowing out the inverted
finger of a rubber glove. The nucleus and
cytoplasm of this single celled animal
squeezes through the extruded pliable
filament a nd invades a host crab's blood
cell. Once there, the organism undergoes
vegetative growth, producing cells which in
turn produce strings of eight individual
spores along muscle tissue. Ultimately,
enormous numbers of these resistant spores
and their products destroy adjacent tissue
and replace the crab's normal musculature.
This parasite can be considered highly hostspecific• because the muscle tissue of only
Callinectes sapidus exhibits infections.
Many symbionts, like the bacteria
mentioned in the next paragraph, have a
wide, or loose, host-specificity• because they
associate with a wide range of hosts.
Shell disease ("box burnt" crabs) represents a typically non-fatal microbia r ·
condition usually initiated by a wound. In
any event, infected crabs usually h ave not
molted for a long period a nd have undergone stress. Starting as brownish areas with
reddish brown depressed centers forming on
the exoskelton, these lesions develop into
deep necrotic• pits (Figure 25) that typically
do not penetrate through the shell. Once the

Figure 25. Claw of blue crab with shelld Is ease . This brownish lesion with
degenerated internal regions apparently
results from a bacterium (Benek/a type I)
which digests the chitin from the exoskeleton. An infection is rarely fatal and is
lost during molting of the host.

thin external lipid (fat) layer of the shell
(epicuticle) has been disrupted , the exposed
chitin• becomes diges ted by speci fic
bacteria and possibly also fungi. Probably
fewer crabs than lobsters die from the
disease, especially if lobsters are cultured
in warm water. Death probably results from
secondary infections. Nevertheless, crabs
look esthetically displeasing, and confinement fosters disease. Hence, some crabbers
know the disease as "box burnt" because
they maintain crabs in floa ting cypress-box
cages waitin g for their catch to molt.
Certain other bacteria harm both crabs
and people, when give n the prope r
co nditions. One suc h organism
(Vibrio parahaemolyticus) readily kills
crabs and causes food poisoning in people.
In crabs, species including Vibrio
parahaemolyticus cause large jelly-like
blood clots in addition to whitish-colored
nodules to develop in the gills a nd elsewhere
from masses of aggregated blood cells and
bacteria. Crabs from Mississippi waters
occasionally die from these infections. In
people, numerous cases of intestinal upset
associa ted with eating seafood probably
also result from this organism. Even
minimal heating, however, eliminates this
threat. To avoid food poisoning in crabpreparing operations, continued care
should be taken not to permit fluid from
fresh crabs to conta minate previously-
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boi led c rabs. Add ito n al difficu lt-todiagnose m icrobial diseases of crabs will
appear following the section on metazoans
a nd their hyperparasites*. Metazoa, not a
n atu ral grou p o f o rganism s, design ates th at
a n inclu ded organism is multicellu lar with
two or more tissue layers.
Metazoans and their Hyperparasites
Larval fl ukes (digeneans), u n like larval
tapeworms (cestodes) (Figures 26 and 27),
infect man y fres hwater, estuarine, a nd marine cra bs. Microphallids form a fam ily of
digeneans tha t u tilize three hosts: 1) a snail
as a first intermedia te host*, 2) a crustacean
as a second intermediate host, and 3) a bird,
ma mmal, or rarely a cold blooded vertebrate
as a definitive host. At least six species infect
the blue crab. W e will mention two, the first
(Levinseniella capitanea) because it can be
seen easily a mong th e gonads or the
diverticula of the digestive g land if the
crab's carapace* is removed. Nearl y 4 mm
lo ng, the excysted worm ra nks as the la rgest

Figures 26 and 27. Two views of same larval
tapeworm moving through muscle of lesser
blue crab (Call/nectes slmllls). Although
apparently common in this crab, it has not
been observed In the common blue crab
(Call/nectes sapldus).

m icrop h allid known. Most other speoes
average less than 1 mm , appearing somewhat similar to a comma in th is booklet in
both size a nd shape. Also very u nusual ,
L evinseniella capitanea h as no gut or
muscu lar pharyn x, principal fea tures for
most larval m icrophallids and used by
almost all adul t digeneans for feeding. T he
g ut does not develop even after the larva in
its spherical, yellowish cyst has been eaten
by and matures in a raccoon.
The secon d species (Microphallus
basodactylophallus) can barely be seen in
cra bmeat (stria ted muscle tissue) wi thou t a
microscope, unless a u rosp oridan p rotozoan
h as hyperparasitized it. It measures a bout
0.45 mm (450 microns) lo ng after rem ova l
from the spherical 0.35 mm cyst (abou t the
size of the following period).
Figure 28 illustrates th e life history of
this digenean. Any o f four species of snails
from th e shallow low salinity estuaries* may
release the infective free swimming larva
(cercaria). T h at free-living la rva was produced in q uantity wi th in a no ther asexual
stage (spo rocyst) which was itself produced
by a similar larva that in turn had
developed from a germ ball within the
initial ciliated larva (miracidium). T h e
initial larva occupied the egg which was fed
o n by the snail. In o ther words, from one
egg develops an enormous number o f larvae
infective to the blue crab and at least two o f
the several species of fiddler crabs. Also, each
resu l ting a dult worm produ ces a n
enormous number of eggs. Because of dependency on environmen tal parameters and
on need for specific h osts, these large
numbers of eggs and larvae are necessary to
assure completion of the cycle for one or
more individu als and contin ued survi val of
the species.
Each individu al possesses bo th male and
female organs, making i t h ermaphrodi tic.
I t can successfu lly fertilize itself, even
though all tested species of digen eans
p refer to u tilize partners, if g iven the
opportunity. T h ese worms mature when an
a pp ropria te final h ost eats the infected crab,
~
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Figure 28. Life cycle of the microphallid fluke (Mlcrophallus basodactylophallus). The blue crab
harbors the infective larva, sometimes hyperparasitized by a haplosporidan protozoan (Urosporldlum crescens) which allows the infected fluke to impart the names "buckshot" or "pepper spot" to
involved crabs. When eaten by an appropriate host such as a raccoon , the healthy larva develops
Into an adult and produces eggs Infective to a few different estuarine snails. Asexual reproduction
of the fluke occurs In a snail, as It generally does for all dlgeneans, and ultimately results In a
tailed, swimming larva that penetrates the crab, loses its tall, encysts, and develops Into a stage
Infective for the vertebrate.

assuming the larva has developed for a t least
a month in the cra b. In Mississip p i, the
raccoon and marsh rice ra t serve th is need,
but some birds and other mam mals also
fulfill the role. If a person ate a h eavilyinfected raw crab, h e would probably
acq uire an infection and possibly develop
mi nor gastric distress. Even though an in fected person's health probably wou ld no t
be seriously affected, a rela ted species has
been known to cause extensive gastric a nd
ne urologica l d isorde rs . I recommend
cooking crabs!
Local coastal residen ts have never disclosed to me an y concern a bout eating crabs,
presumably because they did no t see an y

in ternal parasites. I assume they did not see
the fl ukes because when such digen ean
cysts have a protozoan hyperparasite*,
people often exhibit a ppreh ension .
T he m inute, brownish, hyperparasitic
h aplosporidan (Urosporidium crescens)
infects tissues of the encysted worm. T his
protozoan u ndergoes extensive m ultip lication until the cyst increases in size by ma ny
times and the worm 's tissue h as been
rep laced by spores (Figure 28). T he vast
number o f spores in a cyst distinguishes
each cyst as a visible black speck. Some
fish ermen term th ese cysts " bucksh ot" or
infected cra bs as "pepper crabs." Alth ough
severely debilitating the worm, the spores
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Figure 29. Buckshot, or pepper spot, in blue
crab meat. Dark, almost spherical objects
near the pointer and at the top of 'the meat
are fluke larvae (Mlcrophallus basodactylopha II us) infected with a p roto zoan
(Urosporldlum crescens). The immense
number of spores enlarges the fluke cyst
many times. The piece of crab has been
cooked; the exoskeleton for the swimming
leg occurs in the lower left of the photo.

harm neither the crab nor man. A piece of
cooked crab (Figure 29) reveals a couple of
clusters of buckshot. Other en cysted
digenean larvae also harbor this or related
species. Some also possess other kinds of
protozoan h yperparasites inclu ding microsporidans, myxosporidans, flagellates, and
opalinids.
The blue crab, a crustacean, has its own
crustacean symbionts. Those discussed here,
however, appear much different from the
crab except for the early larval stage.
They are barnacles and range between being
fouling organisms a nd true parasites.
One common barnacle (Balanus venustus
n iveus) found on a variety of hard substrata•
in the Gulf also establishes itself on the
carapace and legs of the blue crab. Another,
the acorn barnacle (Chelonibia patula),
exhibits more host-specificity•. It restricts
itself to the external surfaces of a small
group of crabs. Figure 30 shows i t on the
blue crab. Whether lacking or expressing
specificity towards the crab, both encrusted
barnacles cause their host h ardship by
producing excess weight which sometimes
constitutes a considerable burden.
A gooseneck, or peduncula te, barnacle
(Octolasmis muelleri) confines its presence
to the gill region of a few decapod specie$,

Figures 30-32. External barnacle symbionts
on the blue crab. Top, the acorn barnacle
(Chelonlbla patula) on the carapace.
Middle, a goose-neck barnacle (Octolasmls
muel/erl) on a gill filament propped up by a
dissecting pin. Bottom, underside of gills
showing many medium-sized and small
Octolasmls muellerl. Note how few can be
seen without lifting the gills.

including the blue crab (Fig ure 31). It needs
a living crab for survival. Special cleaning
appendages sweep gill surfaces free of debris
a nd p resumably of settling organisms. Once
a n individual does become established, the
crab's cleaners apparently become less
efficient. Consequently, in creas ing
amounts of debris a nd numbers of la rvae
can settle on the gills. In fact, a crab can
acquire over 1000 such barnacles on the gills
and elsewhere in the gill chamber. When

s m a ll-and medium-sized barnacl es
infest a host, over 700 can coat the underside of the gills without hardly being
apparen t on the top surface of the gills
(Figure 32).
The combination of these heavy infestations• and debris can make respiration
difficult for the crab because barnacles
compete for oxygen and decrease the
amount of gill surface available for respiration. Health y crabs are hardy; they live for
long periods out of the water when their
gills are moist, but die quickly immersed
in stale water. Infested crabs act sluggish
most of the time and probably attract predators.
The las t barnacle to be discussed truly
parasitizes its host (Figures 33 to 35 ). If
not for being able to recognize its larval
stages, biologists would not have been able
to classify it as a barnacle. An external
portion of this rhizocephalan (Loxothylacus texanus) protrudes from under the crab's
abdomen (Figure 33). This bulge, called
the externa, contains a brood, pouch for
larvae and both male a nd female gonads. A
crab can have as many as eight externae, and
three are fairly common (Figure 35). The
remainder of the barnacle consists of rootlike structures penetrating through most
host tissues (interna). Crabs become infected
when young by a swimming larva (cypris).
After a period of internal development, the
interna of the organism penetrates through
a crab's soft abdominal joint wh en the crab
molts. Infection retards a host's growth,
leaving most externae-bearing individuals
between 3 and 8 cm wide. Additionally,
secondary sexual characteristics of infected
males transform into those of females.
Therefore, most infected crabs appear as
miniature adult females, either with or
without externae. The size-difference
between an egg-bearing (sponge or berry)
female and an infected crab is usually great.
Figure 34 shows the size-difference between
an uninfected immature female with her
acutely poin ted abdominal apron and a
smaller infected crab with the transformed

/

Figures 33-35. Sacculinid barnacle
(Loxothylacus texanus) of the blue crab.
Top, the protruding pouch (externa) under
the crab's abdomen contains larvae and
gonads (ovary and testes). Long, narrow
extensions invade most other tissue. Middle,
top crab has dark externa indicating an older
infection than that of the yellowish externa of
the middle . crab. The larger lower crab
reveals the small size of infected crabs . It is
an immature female, wheras the aprons on
the infected crabs reveal the apron of a
mature crab. Infections also modify the
shape of the male's abdomen into that of a
female. Bottom, crab with three developing
externae. Usually only one externa occurs
per crab, but occasionally over five may be
present.

rounded apron normal for mature females.
Castration of the crab may result from
involvement with a structure called an
androgenic gland. Male crabs have this
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gland, and, if it is removed from a young
individual, female characteristics, in cluding ovarian tissue in the testes, develop.
Perhaps destruction of this gland or some
acti on on i t s secretions , po ss ibl y
additionally involving hormones produced
by the barnacle's ovary, causes feminization
of the infected crab.
Crabs with externae can molt and lose
that part of the parasite, but whether that
process is typical is unknown. Most biologists assume crabs with this and other
mature rhizocephalans do not molt.
Infections, although prevalent in some
high salinity bays and bayous in Louisiana,
have been negligible until 1977 in
Mississippi Sound since an epizootic
outbreak in 1965. While aboard a shrimp
boat in July 1977, I noted over half the crabs
we trawled in the Sound exhibited
infections. The apparent magnitude of
infection in the population could be exaggerated because the small crabs would be
continually thrown back by shrimpers for
others to recapture, whereas large ones
would be saved for eating. Nevertheless,
infections occurred commonly for several
weeks, and epizootics will undoubtedly
occur again.
As with other cited barnacles, infections
relate directly with salinity and probably
with temperature. In inshore regions with
moderately high salinity water, crabs have
a greater potential for infection. Infections
usually coincide with breeding and maturation peaks of the blue crab, being most prevalent about May and October in Louisiana.
· Unlike the other barnacles attached to the
crab, the adult rhizocephalan cannot
tolerate low salinity. Maturing externae
apparently do not protrude, and ones already protruding take on water and rupture.
Low salinity habitats characteristic of
Mississippi estuaries certainly do not
favor barnacle infections.
The presence of "dwarf" or "button"
crabs concerns some fishermen. Do these
small apparently sexually mature individuals that show up mostly during spring

Figure 39. Long orange ribbonworm
(Carclnonemertes carclnophl/a) pulled out
from between gill lamellae. Other light
colored regions on gills are additional
specimens. The orange color indicates that
the worm fed on the crab-host's eggs; thus,
the crab had spawned. Also, note the
barnacles on the gills. Both the rlbbonworm
and the barnacle Indicate that the crab had
Inhabited high sallnlty water.

Figure 36. Sacculinid barnacle parasite
(Loxothylacus panopael) in the mud crab
(Eurypanopeus depressus) from
Chincoteague Bay, Virginia. Note difference
between this species and the one in the blue
crab.

and early summer in Mississippi result from
a d i stinctive genetic stock, from
environmental influence, or from a
parasitic infection? It seems quite possible
that these era bs possess pre pa tent•
sacculinid infections, and, indeed, that
problem needs attention.
Mud crabs, much smaller crabs than the
blue crab, a lso possess a related rhizocephalan barnacle, and the externa of that species
(Loxothylacus panopaei) differs (Figure 36).
An understanding of m o ! ting aids
interpretation of barnacle-crab associations
and other symbiotic relationships for crustaceans. Like most crustaceans, the blue crab
has a hard external skeleton also known
as a cuticle• or shell. In order to increase
in size, the crab must shed the old shell.
When initiating this molting process
(ecdysis), a new soft shell forms beneath
the hard one of this "peeler" stage.
Enzymes begin to dissolve the shell, allowing the products to be resorbed into the
body-proper. Thus, amino acids, calcium,
and other products can be salvaged for
incorporation in the new cuticle. The
posterior part of the old shell then cracks,
allowing the " buster" stage crab to wiggle
out backwards. T his amazing process is
controlled by a balance of separatelyproduced molt-inhibiting and molt-

Figures 37 and 38. Blue crab molting. Top,
molt, or ecdysis, including covering of gills
and lining of fore- and hindgut. Crabs that
back out of shells like this remain extremely
soft and pliable for about 4 or 5 hours.
Bottom, soft-shelled crab. Note pliable
nature of the twisted claw and depressed
carapace.

stimulating hormones. T he results are the
discarded mol t (Figure 37) and the helpless
soft-shelled crab enlarged by 20 to 60% of its
previous size (Figure 38). T he crab imbibes
and otherwise incorporates water while still
soft in order to achieve the expanded size.
After about 5 hours, unless retarded or
halted in a refrigerator, the new shell
hardens because the protein becomes tanned
and calcium chloride is redeposited. Even
though not as soft, this "paper-shell," or
"buckram" crab will remain vulnerable to
predators for another day or so.
As mentioned earlier, following mating, a
female rarely molts again. Consequently,
the shell of a mature female offers a prime
substratum• on which barnacles and other
fouling and symbiotic organisms can
attach. In addition to being able to shed
some symbionts by molting, the ma ture
male usually inhabits low salinity habitats
not conducive for barnacles.

A ribbonworm (nemertean) (Carcinonemertes carcinophila) approximately 1.5 cm
in length often inhabits the space between
gill lamellae in crabs from high salinity
water (Figure 39). Since, in the northern
Gulf, most males do not accompany females
migrating to salty regions in order to spawn,
fewer male than female crabs have
nemertean infestations• (see infection in
glossary). This higher prevalence for
females also acts in the best interest of the
nemertean because in order for the worm to
achieve sexual maturity and reproduce, it
must migrate from the gills to the egg mass
of the host. While there, it builds a mucus
tube for inhabitation. Crab eggs provide
nourishment for the worm, transforming
the worm 's color from creamy to orange.
Because of the large quanti ty of yolk material, crab eggs appear orange during the
first 5 days of the larva's 14-day developmental period. Since a crab can produce over 2
million eggs and may generate those twice
in a year, even a heavy infestation by the
nemertean has little effect on crab production.
Some time after mating, the female worm
leaves her collapsed tube with its attached
eggs. The resulting ciliated larva hatches
and stays in the tube, swims among the crab
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eggs, or leaves the host and undergoes
m etamorphosis into a creeping stage that
infests another crab. The blue crab is the
common host, but other portunids
(swimming crabs) and occasionall y
nonrelated crabs harbor the worm. Because
of an attraction by both the nemertean larva
and the crab toward light, the two often
come into contact and infestation occurs
readily.
As indicated above, worms change color
after feeding on crab eggs. Consequently,
since adults return to the host's gills, the
presence of orange worms encased between
lamellae reveals that such a host crab has
spawned at least once. The worm is a biological indicator! Strangely though, these
tags lose some of their adult characteristics
and may not feed at all during the winter.
A leech (Myzobdella lugubris), unlike the
nemertean and barnacles, conspicuously
inhabits crabs in low salinity regions
(Figures 40 and 41). Even though a case of
numerous leeches associated with a few
dying crabs implicates them in harming the
crab, I doubt the leech causes lesions in
the crab. The leech often occurs on considerable numbers of crabs in Mississippi and
adjacent areas, but I have seen no evidence
suggesting a harmful relationship.
After seeing Humphrey Bogart covered
with leeches in the African Queen and
hearing tales of people having their blood
sucked while walking through tropical rain
forests or wading through swamps, people
have a tendency to be disgusted by the
intriguing jaw less leeches that thrive in our
local fresh-to-marine habitats. Perhaps the
thought of losing blood intensifies when
people realize that in 1863, doctors used 7
million m ed i c inal l eec he s ( H irudo
medicinalis) on their patients in London
hospitals and almost that same number in
Paris. The practice of bloodletting in
Europe declined soon after, but occasionally
someone will still pull one of these from a
culturing jar to remove blood from a bruise
and alleviate swelling.
Even though many leeches do not suck
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Figures 40-43. Leech (Myzobdella lugubrls)
on blue crab. Top, several specimens of the
leech on the crab's anterior. Middle, several
specimens on crab's posterior; most
Individuals deposit cocoons near the rear
margin. Bottom left, cocoons on carapace.
Bottom right, enlarged cocoon. A single
young leech emerges from each cocoon; it
develops in low salinity water and searches
for a fish in order to obtain a blood meal.

blood, the crab leech does. Soon after hatching, it obtains its first blood meal from a
fish. In Mississippi, a specimen of the
southern fl ounder, striped mullet, or Gulf
killifish may have several individuals attached to its gills, opercles, nostrils, fins,
or body surface. Other estuarine fish may
also possess this or other species of leeches,
but usually in lesser numbers. T he white
catfish acts as a good host in regions where
it enters brackish habitats. After receiving an
adequate amount of blood, the engorged
leech transforms from a skinny reddish
worm about 1 cm long to a robust greenishbrown worm which can stretch a distance

greater than 4 cm.
The engorged crab leech typically
associates with vegetation and throughout
its life shows some ability to swim. Since
the blue crab also associates with vegetation,
the two com e in contact. The leech then deposits adhesive cocoons near the rear margin
of the crab's carapace (Figures 42 and 43).
Often many leeches infest one crab. Based on
observations of leeches attaching cocoons to
finger bowls, some individuals probably attach their cocoons o n other hard surfaces,
also. In addition to providing a substratum•
for cocoons, the crab offers a means of
dispersing the leeches.
A single young leech develops within
each cocoon. It can swim after emerging,
and, like its parent, prefers water with
little or no salt; neither stage tolerates much
more salt than 15 ppt. The young leech must
infest a fish to continue its cycle.
A leechlike organism also infests the blue
crab in low salinity and freshwater habitats
of Alabama, Mississippi, and Louisiana.
This bra nchio bde llid (Cambrincola
mesochoreus) shows phylogenetic• affinities to both leeches and oligochaetes ( the
latter being best known for earthworms and
aquatic worms used to feed tropical fishes).
About 2 to 3 mm long, this pink colored
worm infests both the gill chamber and the
external shell-surfaces without causing its
host apparent harm. It feeds on small protozoans, algae, and detritus, and its presence
suggests that the host crab has been in fresh
or nearly fresh water for some time.
Miscellaneous Microbes and Protozoans

The crab harbors many more organisms
than those already discussed. Most necessitate a microscope to observe individually, but a few can be seen when present in
~ar~e numbers or when the crab shows signs
md1cative of specific infections. An electron
microscope is needed to confirm the p resence of some organisms. I will briefly
c~mment on some of these microscopicallySIZed organism s, none of which has been
implicated in human disease.

At least four different viruses infect the
crab. Figures 44 and 45 provide an ultrastructural view of one of these. Un til
recently, few viruses had been reported from
any invertebrate. Of the four in the crab,
three cause fatalities when the hosts are kept
captive. T hey occur in crabs along the eastern U .S. coast, and, if examined for in the
Gulf, some would p robably be found. Little
has been learned about any of them or their
relationships with the crab host.
A severel y pa t h oge ni c amoeba
(Paramoeba pernicosa) causes mortalities
in the blue crab from high salinity habita ts
along the eastern U.S. coast. It is treated
here because of the p otential for it to be
introduced or to be present already, but
unrecognized, in the Gulf. The causative
amoeba occurs in connective tissues and
blood (hemal) spaces throughout the infected crab's body during all times of the year,
but enters the blood and kills the host
primarily during summer. When amoebae
enter the blood, the ventral portion of
the crab, especially a male, becomes grayish in color, and, if the disease advances to
this state, the crab always dies. Crabs with
this "gray crab disease" may have all their
blood cells destroyed and replaced by the
amoeba. The nonclotting hemolymph• acquires the grayish tint from the organisms.
By this stage of the disease, the host's
stored nutrients have been depleted, making
recovery unlikely. Some crabs of all sizes,
sexes, and stages, however, can overcome
light infections and survive. H emocytes•
engulf or encapsulate the protozoan, and
o ther individuals are destroyed by humoral•
mechanisms.
The presence of even low grade amoebic
infections has not been discovered in the
Gulf. If that absence results from geographical barriers and not from insufficient
examinations or from some biological or
e nviro nm en t a l rea so n s, it becomes
imperative not to introduce eastern crabs
into the Gulf. Crabs are already transported
in the opposite direction. Seafood companies routinely ship live Gulf crabs to the

26

Marine Maladies?

Blue Crab 27
a re old, a nd perhaps the a bility of heavil yinfested cra bs to resp ire becomes diminish ed
under stressful situations.
Internally, a "holo trich " cilia te moves
a bout with the hemo lymph. Even though
p resent in large n u mbers in some dying confined crabs, th is protozoan also occurs in
h ea lthy cr a bs from Missi ssip pi. Presumably, the potential for these and o th er
p rotozoans to become hazardo us to crab
health increases considerably wh en crabs a re
reared or kept captive in wa ter of poor
quality.

••

Cra bs from North Carolina to the Gulf
h ar b or a parasit i c din o flage ll a te
(H ematodinium sp.) in the hemolymph.
T he organism, a bout the size of a crab blood
cell, infected 30% of a sample of crabs in
Florida. It causes tissues to appear milky
and the blood to clot (like with infections
of gram negative bacteria); the dino flagella te may be responsible for numerous
mortalities, especially those occurring
during autumn in habitats with salinity
greater than 11 ppt.

:~ :.~· ~--..,-...
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Figures 46 and 47. Different preparations of a
lorlcate ciliate (Lagenophrys cal/lnectes)
from the gills of the blue crab. Note the
aperture In the transparent lorlca.

east coast where they attract great profit as
a food item.
A few ciliate protozoans infest the crab.
One (Lagenophrys callinectes) produces its
own "house" or lorica• (Figures 46 and 47).

Within this small, about55 micron diameter
(about nine would touch end to end across
the narrowest width of the letter i) transparent dome, the common animal inhabits
lamellae of the gills of crabs from both the

Atlantic and G ulf coasts. It can control the
lips at the opening near one margin, and it
feeds on nonhost matter. Another loricate
cilia te, an undescribed suctorian (Acineta
sp. •, see sp. in glossary) occurs among individu als of Lagenophrys callinectes in
Mississippi. In contrast, a stalked ciliate
(Epistylis sp.) usually attaches to the
margins and stems of the gill lamellae
rather than the flat portion. None of these
ciliates seem to harm the crab. Most hosts

A haplosporidan (Minchinia-like) related
to the organism in the oyster has been encoun'.ered in moribund crabs from Virginia
and North Carolina. It causes hemolymph
to become milky and not clot. No spores
have been observed.
Cri tical examination will uncover
additional protozoans on or in the gills,
appendages, hemolymph, and muscles of
the blue crab. Some of these have never been
reported.
Large n~mbers of dead crabs occasionally
line some of the high salinity beaches in
Mississippi and Louisiana. I have never
seen these crabs, and biologists have assumed that the old crabs, mostly spawnedout females heavily infested with barnacles
on their gills and shells, died of old age.
Perhaps some of these also had complicating protozoan or viral infections!
In addition to infesting crabs, disease
organisms also involve crab eggs in the Gulf
and elsewhere. I already discussed a nemertean larva feeding on eggs. A fungus
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(Lagenidium callinectes) invades them. In
salinities of 5 to 30 ppt, up to 25% of an egg
mass may be infected. Infected eggs are
smaller and more opaque than healthy ones.
The diseased portion of the sponge, which
is always at the periphery, appears brownish rather than yellowish-orange or grayish
when the crab's larvae have developed
enough to give the healthy part of the
sponge a brown o r blackish appearance.
Infections become a real concern for
people rearing crustaceans, especially since
larvae can become infected. On the other
hand, infections can aid natural populations; the fungus also infects the ova of the
symbiotic barnacle (Chelonibia patula).

PENAEID SHRIMPS

The valuable shrimp fishery in the
northern Gulf of Mexico includes primarily
three species: the brown shrimp (Penaeus
aztecus), the white shrimp (Penaeus
setiferus), and the pink shrimp (Penaeus
duorarum), the latter being much more
important in southern Florida than in the
northern G ulf.
All species spawn in high salinity regions;
their larvae develop in the offshore plankton• before metamorphosing into postlarvae and invading the estuarine• nursery
regions. Of all the sh rimp, the pink shrimp
requires the highest salinity water; it also
prefers a sandy-shell habitat. Brown and
white shrimp thrive in muddy-sand or silty
habitats, where, in a bout 30 to 50 meters
of water, the brown shrimp can be caugh t in
large numbers during night hours between
June an d August. It remains commercially
abundant down to 110 meters. On the other
hand, the white shrim p moves about during
the day and occurs more commonly in water
less than 18 meters deep with salinity less
than full strength seawater. Con sequently,
the white shrimp is available for small inshore trawlers, usually between August and
November.
Postlarval shrimps invade the estuary at
different periods, with most brown shrimp

arnvmg abou t March and most white
shrimp during the summer. As both become
juveniles, the white shrimp can be found
further up bayous and rivers than brown
shrimp; the white shrimp remains longer in
inshore regio ns.
The number of these young shrimp that
will enter the commercial fishery depends
not on the number of spawning adults, but
on the temperature, amount of freshwater,
and other environmental conditions that
affect survival and growth. T hese factors
also have a bearing on the parasites and
diseases of shrimp hosts.
Adults usually live I to 2 years, spawning
two or more times. Some individuals, however, survive a few additional years and these
shrimp usually possess quite an assortment
of symbionts. Shrimp of all ages and stages
harbor parasites, and the parasites occur in
many sites. Figure 48 of a brown shrimp indicates man y of these sites occurring in all
species.
T he majority of parasites and disease
conditions affecting shrimp, unlike those
affecting most marine organisms, have been
investigated in some detail. Still, a weekend fisherman or even a commercial
shrimper seldom recognizes many of the
conditions. In fact, those people rearing
shrimp and encountering heavy morta lities
rarely know the causes. Although blamed
for many shrimp-kills, low oxygen
concentration levels may not always be the
sole culprit. T he shrimp may have to harbor
a symbiont in addition to being exposed to
low oxygen levels in order to succumb.
Because shrimp diseases are well documented, I will discuss several of the
conspicuous ones as well as some parasites
that could be encountered from a high
percentage of shrimp if a curious individual
decided to dissect his specimens and use a
microscope.
Microbial Diseases

Unlike most viral diseases known from
crustaceans, one ( Baculovirus penaei)
involves the digestive gland of shrimp, and
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the lower specimen to show internat:fr~ct:r~~-n shrimp with part of the carapace cut away from

indications of its presence can be seen with a
regu~ar microscope. These signs include a
~elativ:ly large refractile polyhedral-shaped
inclusion bodY• and swollen nuclei. and
other cellular alterations of the hepatopancreas (Figures 49 and 50). Inclusion bodies

do not have to be present in infected shrimp.
Perhaps these obvious bodies act as a m eans
to protect and disperse the virons when the
host is eaten or otherwise dies.
Shrimp, either crowded in a tank or exposed to polluting polychlorinated
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Figure 53. A white shrimp with some whitecolored gills probably caused by a bacterial
infection. Many host blood cells crowded
together in the affected gills.
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Figures 51 and 52. Brown shrimp with shelldis ease. Botto m, disease- condition
occurring in site of wound. Lesions in both
shrimp possessed a bacterium (Beneckea
type I) which digests chitin in the exoskeleton and probably caused the disease.

Figures 49 and 50. Inclusion bodies for virus (Bacu/011/rus penael) in digestive gland of shrimp. Top,
note most inclusion bodies are tetrahedrons. They encase virus particles. Bot_tom, _a phase-contrast
close-up showing the refractive inclusion bodies within the nucleus of the d1gest1ve gland cells as
well as others that are free.

biphenyls or Mirex have a tendency to
exhibit an increased number of inclusion
bodies. Such individuals also tend to die
more readily than shrimp without these

bodies. For mortalities to be caused by the
virus in nature, some pollutant or antagonist may have to be present. The virus affects
p ink, brown, and whi te shrimps at least in

Florida and Mississippi and probably infects many penaeids wherever they occur.
Chitinoclas tic organisms including
bacteria cause shell disease, or black spot
disease, in shrimps (Figures 51 a nd 52) as
well as in the blue crab and other crustaceans. The lesion in Figure 52 illustrates
a wound inflicted by a predator. Such infections are usually lost with a molt, and
rarely does an affected shrimp die from this
alone. When specific bacteria (e.g., a
chitinoclas ti c va riet y of V i br i o
anguillarum) involve pond-reared shrimps,
death can occur. Indeed , low grade mortalities, apparent ly n ot resulting from
secondary infections, have plagued rearedshrimp production in Mexico.
Shrimps, just as the blue cra b, host a
variety of internal bacteria, some of which
cause extensive mortalities in pond-reared
hosts and others that do not affect the h ost.
The white opaque g ill filaments of a white
shrimp from Mississippi Sound shown in
Figure 53 probably exemplify a bacterial

infection. A massive hemocytic response
involved the area, producing the opaque
condition.
Black gills or "black g ill disease" can
resul t from a bacterial infection, but more
often this multicaused disease results from
other agents, a nd a few of th ese will be
discussed later.
Externally, a fila m e ntous bac terium
(probably Leucothrix m ucor) entangles
larval shrimp, and it, along with considerable trapped debris, probably inhibits
respira tion and otherwise burdens the hos t.
As wi th most diseases, reared shrimp usually
consti tute the primary victims. The same or
a similar bacterium a lso occurs on a variety
of crustacean s, fishes, and plants.
Shrimp , as well as a variety of other
marine anima ls, ca n harbor M ycobacterium
marinum. This bacteri um , related to the
tuberculosis agen t of man, can cause a skin
rash (dermati tis) on those susceptible
people who handle shrimp or o ther seafood
products. ·Reactions differ among people:
some have hard pustules on their hands
whereas others have blisters.
A variety of fungi infects shrimp s, but
most have not been cul tured or investigated.
One that has been investigated (Fusarium
solani) shows variation in its virulence to
different penaeid shrimps. A response by th e
host hemocytes to spores a nd h yp h ae• in the
gills can result in a deposi tion of dark
pigment (melanin) producing " black gill
disease. "

32 Marine Maladies ?

Penaeid Sh rimps

Figure 59. Chalky appearance under cuticle
reflects microsporidan (Agmasoma penael)
that invaded blood vessels under the carapace of the white shrimp. Usually, tissue
along the middle portion of the top of the tail
exhibits infections by this protozoan. An
insert shows some spores in the typical
packet of eight. Others have broken loose
from the membrane, and one spore (macrospore) is typically much larger than the
others.

Figures 54-57. Fungal black gill disease. Top left, brown shrimp with disease compared with uninfected individual. Top right, spores (macroconldla) of causative agent (Fusarlum solanl). Bottom
left, host response by shrimp blood cells after 24 hours. Bottom right, increased pigmentation
(melanization) apparent by 28 hours. The text discusses several other agents that cause black gill
disease.

Deposition of brown-to blackish melanin
pigment occurs in shrimp that have been
wounded, have been exposed to foreign
materials, and have fungal (see Figures 54
to 57), protozoan, or helminth infections.
In some cases, the tissue underlying the carapace• and not the actual gills is darkened.
Perhaps waste produ cts (nitrates or
ammonia) discharged through the gills or
even precipitation of materials (me tallic
sulfides) produces the condition.
Protozoan Infections
What's a cotton shrimp? Four species of
microsporidan protozoans infect commercial shrimps in the northern G ulf. Three of
those infect and replace nea rly all the
abdominal muscle tissue of their h osts,
resulting in an extremely opaqu e condi tion
somewhat simila r in a ppearance to a cooked
shrimp (Figure 58). Shrimpers refer to these
hosts as " cotton shrimp" or " milky

Figure 58. Tails of the brown shrimp; the top
shrimJ' exhibits cotton shrimp disease.
Three different species of microsporidans
cause this milky or chalky appearance of
tails of penaeids in the northern Gulf of
Mexico. In this case, tiny spores of Ameson
nelson/ surround and eventually replace the
muscle bundles.

shrimp ." T he n ame "cotton shrimp" also
reflects the tex ture of the cooked product.
T he fourth mic rosporidan sp ecies
(Agmasoma penaei, Figure 59) is more

host-specific than the others and does not
infect the tail. Involving primarily the
white shrimp, an infection appears most
distinctly along the dorsal midline of the
tail and under the carapace in the cephalothorax. Ma ny people think that infected
gonads and intestinal tissue are ripe ova
ready to be released. Consequently, some
prefer the taste of these " ripe" shrimp over
noninfected shrimp.
More than one species of microsporidan
can infect an individual shrimp. In fact,
three species in a single shrimp can be
visually differentia ted by their color and
location if the tail is cut crossways.
Infected shrimp react poorly to stress
conditions. Usually, when compared with
their noninfected counterparts, they die
more readily when h andled, are more vulnerable to p redators, a nd do not normally
partake in migrations. O ften many shrimp
caught i ns hore exhibit microsporidan
infections. In these cases the bulk of the
shrimp stock may have previously departed
to other waters; however, a few cotton
shrimp do occur in offsh ore catches,
suggesting that some infected individua ls
migrate and su rvive.
Severa l pro tozoa n s o th e r t han
microsporidans ha ve symbio tic relation-
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ships with penaeids. Also, a ll species of
shrimp in the northern G ulf harbor a cephaline gregarine (N em atopsis penaeus or some
other indistinguishable species). T he motile
stage (trophozoite) can be seen attached to or
gliding abou t in the intestine, sometimes
with as many as seven individuals joined
end to end in a chain or branched so as to
exhibit a forked posterior end (Figures 60
and 61 ). Two attached individuals develop
into a spherical cyst that embeds in the
shrimp rectum (Figure 62); the cyst in turn
produces a stage infective for some yet unknown mollusc.

Figures 60-62. A cephaline gregarine from
the white shrimp. Top, an association of
three individuals in a chain gliding about in
the intestine. Middle, a forked association.
Bottom, cysts (gamontocysts) embedded in
rectum. These result from encystment of
associations and can barely be seen as a
chalky-colored dot with unaided naked eyes.
Stages in the rectum infect appropriate
molluscan hosts.
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For another similar appearing sp ecies
(Nematopsis du orari) restricted to pink
shrimp, the shrimp acquires infections by
feeding on mucus tra ils of several common
bivalves including the Atlantic bay scallop,
broad ribbed cardita, cross-barred venus,
and sunray venus.
These and at least two more gregarine
species that attach to feeding appendages
probably cause no more than minor disease
in either the shrimp or the corresponding
molluscan hosts.
Ciliated protozoans occur in as much
variety as do gregarines. On the gills,
colonies of a stalked p eritrich (Zoothamnium sp.) give a brownish cast to the gills
when enough of these organisms attach.
The attachment of the stalk to a gill examined with an electron microscope reveals
no pathological a lterations. The simple
attachment of a small colony can be seen in
Figure 63. However, when a large number of
the ciliate infests the gills, as it can when
hosts are crowded or placed under specific
environmental conditions, shrimp often
die. Death usually coincides with periods of
low concentration of the water's oxygen, a
common condition following several warm
overcast days or following decomposition of
a large a lgal bloom. The ciliate apparentl y
competes for the available oxygen because
shrimp with few colonies of the organisms

Figure 63. A colonial ciliate (Zoothamnlum
sp.) on the gills of a commercial shrimp. The
dark fiber extending along the stalk's center
permits the entire colony to contract
simultaneously. Note the cilia at the top of
the bell which direct food particles into the
organism. The protozoan harms shrimp only
when certain environmental stresses arise.

Pen aeid Shrimp s
often survive the stress wh ereas those with
many die.
A related species (Epistylis sp.) differs
from Zoothamnium sp. primarily by lacking a central contractile fibril within the
stalk. Thus, it cannot contract its stalk. The
fibrils (myonemes) of Zoothamnium sp.
connect where the stalks branch , allowing
simultaneous contraction or expansion of
an entire co lony and a wonderful show
wh en seen under the microscope!
U nlike Zoothamnium sp., Epistylis sp.
u sually infests the appendages and exoskeleton-proper rather than the gills. Both
species infest larval shrimp and present
treatable threats to cultured shrimp. The
effect on natural populations has not been
established.
Another unnamed ciliate encysts on or in
gills. Common where distal gill filaments
branch, this nonstalked apostome also
causes black gills (Figures 64 to 67 ). Specks
of melanin surround the ciliate. The life
cycle of this foettingeriid has not been established, and several technical papers
confuse it or a similar species with loricate
forms like the one on the blue crab. External
loricae•, however, have apertures surrounded by lip-like structures and thereby provide
an easy means of differentiation.
Other p rotozoans can be seen by carefully
examining shrimps from a variety of
habitats. Relationships among some of
these with the host remain obscure. An unidentified suctorian species of Ephelota on
the exoskeleton looks entirely different from
the one on cra b gills. An internal ciliate
(Parau ronem a sp.) which can fill the entire
hemocoel and a flagellate (?L eptomonas
sp.) which a lso occurs interna lly have been
imp licated in larval morta lities, possibly
in conjunction with the virus Baculovirus
penaei.
Helminths
Shrimps act as second intermediate hosts
for a few digeneans. For th ose species with
spherical cysts enclosing the la rval worms,
infections a re localized prima rily in the tail,
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Figures 64-67. A brown shrimp with "black gills" caused by an apostome ciliate. Top left, part of
carap~ce ~emoved_to show dark specks on gills. Top right, close-up showing apostomes and
melanin p1gmentat1on. Bottom left, close-up showing individual ciliate under the cuticle with the
associated melanin. Bottom right, close-up of ciliated stage.

whereas the elongated cyst of one species
occupies the cep ha lothora x.
The spherical cysts all harbor microphallids which develop to ma tu rity primarily in ma mmals and birds. Figure 68
shows a n experimentally infected white
shrimp with one of the several species tha t
infect it. Most shrim p m icrophallids infect
their hosts in inshore low salin ity regions
and probably follow a life cycle simi lar for
that shown fo r a species in the blue crab
(Figure 28).
On the other hand, the species with larger
elongated thin cysts fou nd in the hemocoel
~djacent to the alimen tary tract typically
infects shrimps from high salinity wa ter in
Missi ssipp i. The wo rm (Opecoeloides
fzmbriatus), about 2 mm long when excysted, has a pedunculated ventral su cker
with small papillae on the surround ing
lobes. T h e same frilled appearance of the
sucker exists for the mature worm in the gut
of a fish (usually a drum or croaker of the

Figure 68. A penaeid shrimp experimentally
infected with a microphallid fluke larva
(metacercaria).

fa mily Sciaenidae) tha t eats the infected
shrimp.
Larva l tap eworm s (cestodes) occur in two
p rincipal sites: in th e digestive g la nd and in
th e intestine. Almost all cestode species in
shrimp from the n orthern G ulf utilize elasmobra nchs as fina l hosts: one encysted one
may u se a bird, and a sma ll single suckered
mobile sp ecies in the intestine has not yet
been correla ted to its adult form . An individual shrimp often harbors more than 1000
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Figure 69. Larval (plerocercoid) tapeworm
from intestine of commercial shrimp. Over
1000 individuals of this small unidentified
larva can attach by their single sucker to the
gut of a single shrimp.
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specimens of this larval intestinal cestode
(Figure 69), and large numbers may harm
the shrimp.
Because most prevalent, most studied, and
most conspicuous in all penaeids from the
Gulf, one larval trypanorhynch, or tetrarhynch as it is also called (Prochristianella
hispida), will be treated in detail.
Crustacean-feeding stingrays (Dasyatis
sabina and Dasyatis sayi) harbor mature
Prochristianella hispida in their spiral valve
(an adaptation of the intestine to increase its
surface area). Figure 70 diagrams the life
cycle. Segments (proglottids) with partially
developed eggs break free from the tapeworm a nd pass out with a ray's feces.Once in
seawater the proglottids split open, liberating many eggs, each with two thin, sticky

Figures 71 and 72. Larval stages of a
trypanorhynch cestode (Prochrlstlanella
hlsplda). Top, fllamented eggs with larvae
clumped together. Bottom, blastocysts, each
with enclosed larva (plerocercoid) in the
digestive gland of a penaeid shrimp. A
portion of the pigmented membrane
covering the digestive gland has been
removed on one half to expose digestive
caeca. Three whitish cysts are apparent on
the pigmented membrane.

Figure 70. Life cycle of a trypanorhynch tapeworm (Prochrlstlanel/a hlsplda) in commercial
shrimps. Stingrays harbor the adult worm in their spiral valve. Terminal segments drop off t~e worm
and release eggs that develop larvae when in seawater. The enclosed larva develops in cope·
pods. Whether shrimp obtain their infections from eggs or from copepods has not been estab·
lished, but rays probably acquire infections from various shrimps.

filaments (Figure 71). A single hooked larva
(oncosphere with six anchor-like hooks)
within the egg develops to an infective
stage in about 4 days. Whether shrimp get
infected by eating food with entangled eggs
or by eating infected copepods has not been
established. A larval form (procercoid to
plerocercoid) develops in the hemocoel of
some copepods and may progress similarly
ma variety of shrimp, or possibly a shrimp
may have to eat the infected copepou. A hard
capsular cyst surrounds the early plerocercoid within the fleshy procercoid-like stage
(blastocyst) when in the copepod. This encystment has never been seen nor reported
from shrimp and might be a transitory developmental structure p resen t only under
certain conditions. On the other hand, other
crustaceans such as the ghost shrimp , which
possesses blastocysts larger than those in

penaeid shrimps, may be the ray's most
utilized crustacean host. In order for th e
cycle to be complete, the ray eats an infected
crustacean. The blastocyst, but not the
actual plerocercoid, can be seen in a shrimp
without disturbing it if the cyst protrudes
through the host's membrane covering the
digestive gland (Figure 72). Some individual
blastocysts occur entirely within the gland
and elsewhere within the h emocoel.
The adult trypanorhynch attaches to the
ray's gut by means of four eversible hooked
tentacles. A tentacle turns itself inside out.
By the size, shape, and arrangement of the
hooks, one characterizes the several species
that infect penaeids as well as other species
that parasitize a wide variety of crustaceans,
molluscs, fishes, and occasionally other
hosts. These attachment structures remain
unchanged from the late larval to adult
stage.
Larval roundworms (nematodes) also
infect penaeids and several other h osts.
Most common in a variety of fishes and
invertebrates including shrimp is an ascaridoid (Thynnascaris type MA). Several individuals of this worm and a smaller
number of a smaller member in the
same genus (Thynnascaris type MB) occur
commonly either coiled and encysted or free
in th e digestive gland, among other tissues
of the cepahlothorax, or occasionally in the
tail portion of the shrimp. The smaller
species (type MB) may be a h ealth hazard.
Within an hour after being eaten by a
mouse, it can penetrate into or through the
wall of the mouse's alimentary trac t and
cause a host-response. Some individuals
live for a considerable time in the mammal,
whereas the host reacts against and quickly
kills others. In any event, the potential exists
for a person to develop a severe inflammatory response after eating raw seafood
harboring the worm or to express a hypersensitivity reaction from worms eaten
subsequent to the initial infection. Such
conditions, with symptoms similar to those
for an ulcer, appendicitis, or cancer, have
affected people in J a pan, the Netherlands,
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and other places where people consume raw
seafood harboring related nematodes. Either
cooking or subzero freezing prevents human
infections!
Life histories and identifications of the
larval nematodes have not been established.
Just as with the trypanorhynch, I do not
know if shrimp acquire infections by eating
larvae directly, by eating copepods with
infective larvae, or by other means. The
final host must be a fish and several species
of these nematodes exist in the Gulf of
Mexico and elsewhere.
One reason why so many individual hosts
may harbor the same species of larva is that
an individual worm may penetrate through
the alimentary tract of a predator after
being eaten along with a previous host and
reencyst in the mesentery or elsewhere, remaining infective for another predator that
in turn eats and retains it. Not until acquired by a proper definitive host will the
worm molt and develop to maturity.
Parasitologists call these hosts in which
no development of a worm occurs "paratenic" hosts. These hosts allow completion
of a cycle in cases where the definitive host
rarely feeds on the true intermediate host.
The worm may increase in size, but it does
not develop additional features. A similar
pattern of life cycle probably occurs for
most related ascaridoid nematodes and these
will be diagrammed and discussed more
later.
Even though quite rare in penaeid
shrimp, another larval nematode (Spirocamallanus cricotus) completes its cycle in a
wide variety of fishes. Whether shrimps actually constitute a necessary link in the
cycle has not been established, but they
probably do not because other invertebrates
also host the larva of this dramatic worm. It
will be figured and discussed in more detail
in the section on fish nematodes because it
is in fish where the large reddish adult
worm is most easily visible and most
commonly found.
Even though other larval nematodes infect penaeids from other parts of the world,
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the only other fairly common nematode that
I have seen in Gulf shrimp is what appears
to be a free-living• nematode (Leptolaimus
sp.). Leptolaimus sp. in shrimps from
Louisiana to Alabama appear able to live
in and on shrimp without being digested.
The tolerance by the shrimp and relationship between worm and shrimp require
further investigation; all related nematode
species thrive without hosts in muddy-sandy
habitats, and this one probably also lives
in such a habitat. Many strictly free-living
nematodes exist in water and soil, and
notably few of these possess any strong
family ties to any of the symbiotic species
from aquatic hosts.
Miscellaneous Diseases and Attached
Organisms

One amazing disease can be characterized
by the opaque musculature in the tail of
affected shrimp. Going by the technical
name "spontaneous necrosis," this progressive disease begins as a whitish area
usually near the end or middle of the tail.
Caused by an adverse stress such as low
oxygen concentration or rapid change of
the water's temperature or salinity, the
condition progressively worsens, leading to
death unless the harsh conditions improve.
The disease may occur frequently in shrimp
held in bait holding tanks and could be confused with cotton shrimp unless shrimp
with each of the two conditions could be
compared.
The above necrosis• is reversible. Shrimp
provided water of adequate quality will lose
the opaque appearance unless the condition
has developed beyond a certain threshold
point. Once the tip of the tail acquires a
totally chalky white appearance, the shrimp
usually dies. The really amazing phenomenon that biologists should pursue is how
shrimp with a partially necrotic condition
can, within a day or so, recover and appear
normal. Microscopic examination of affected opaque tissue reveals nearly totally
dissociated material, but a few days later,
the tissue appears to regain its normal

character. Investigation of this regenerating
tissue aided by the electron microscope
should go a long way to explain the process
of muscle regeneration, a transformation
that takes considerable time in man and
other vertebrates.
Another condition called "cramped
shrimp" develops in individuals held in
bait tanks and ponds. The tail can be
completely or partially flexed. It becomes
so rigid that it cannot be straightened
out. Partially-cramped individuals swim
about in a humped fashion and may survive
the ordeal. T hose laying on their sides seldom improve and usually die. An imbalance
of ions appears to cause cramping.
Occasiona lly a shrimp portrays a golden
appearance throughout all its tissue. The
yellowish-gold shrimp may appear either
opaque or transparent, and the rarity of
affected individuals reared in ponds
suggests that the condition may represent
an hereditary phenomenon rather than one
resulting from dietary deficiency or some
other unnatural process.
The crab leech may also occur on penaeids, but not nearly as frequently as it
utilizes the crab or grass shrimp.
A variety of symbionts and fouling organisms often attach to older shrimp.
Usually those shrimp not molting for long
periods reveal the most spectacular cases
because large sessile barnacles grow on the
carapace or elsewhere. Algae, hydroids, and
occasionally other organisms attach to and
sometimes in vade gills, eyes, or less vulnerable regions. Presumably these interfere
with the best possible life style for a shrimp.
Confusion may also exist when separating parasites from normal anatomical
s~ructures. O ne of these structures, the podhke sperm capsule, or spermatophore, is
rarely seen in inshore shrimp. Most individuals spawn offshore. During mating, the
male transfers his sperm capsule to the female where it becomes attached to the
~emale's external genital qrgan (thelycum),
ocated between her fourth and fifth pair of
walking legs, by means of various anchor-

ing devices and a glutinous material. Since
the brown shrimp has a closed thelycum,
copulation apparently occurs between a
recently molted, soft-shelled female and a
hard-shelled male in contrast with the process in white shrimp which takes place
between hard-shelled individuals because
the thelycum is open. In spite of the plates,
bristles, spines, glue, and other devices, the
capsule easily dislodges. Nevertheless,
fertilization of ova in these individuals
seems to take place.
The female white shrimp with the
attached spermatophore in Figures 73 and
74 shows a typical condition in offshore
shrimp. A fisherman, however, collected
this particular shrimp from inshore water
where attachment is rare and, for that
matter, unproductive if eggs are released
unless the salinity concentration is higher
than normal. The strange attached object
could be misinterpreted as an external
parasite.
Some noninfectious diseases result from

Figures 73 and 74. A male's spermatophore
(encapsulated sperm) attached to a 173 mm
long female white shrimp. Top, side view.
Bottom, underside view.
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en viron mental contaminants. Usua lly definite proof for such relationships is
lacking and that is the case for a growth that
ap pears to result from some uniden tified
polluta nt in Ocean Springs, Mississipp i.
An overg rowth of muscle protruded
through the ven tral portion of the last
abdominal segm ent in both post-larval
brown a nd white shrimps (Figures 75 to 77).

Grass Shrimp
Even tho ugh man y thousand shrimps were
examined from a variety of habita ts, only
postla rval individuals from near a small
boat harbor receiving the city's treated
sewage, the presumed most polluted ha bita t, exhibited the anomaly. Apparently
something interrupted the n ormal growth
p rocess. When p ostla rval shrimp grow from
6 to 25 mm in length, the relative leng th
of the sixth abdomina l segment gradua lly
decreases. In affected shrimp, the muscle
appa rently continued to grow at the previous ra te while the rela tive len gth o f
exoskeleton decreased as expected for
n ormal shrimp. As a result, the muscle
folded and p rotruded through a weak joint,
usually p ushing the ven tra l n erve cord with
it. Since the nerve is stretch ed and vulnerable to being fra yed by mud a nd sand, the
affected shrimp p robably canno t avo id preda tors before reaching adulthood because
shrimp a void preda tors by darting
backwards using quick flexions of the tail.

GRASS SHRIMP

Figures 75-77. Abnormality in postlarval
brown shrimp. Top, fourth through sixth tail
segments of a normal shrimp. Middle,
moderate overgrowth of muscle tissue
extruding through joint of sixth segment.
Bottom, slightly larger shrimp (13 mm) with
frayed overgrowth. The likelihood exists that
the growth (hamartoma) resulted from an
unidentified pollutant interfering with the
normal growth process of the shrimp.

Even tho ugh n ot commercial species,
grass shrimps (especially Palaemonetes
pugio) deserve inclusion in the treatment
on shrimp diseases because they a re usually
easier tha n penaeids to obtain with a dip net,
they are better h osts for a few of the
same or related symbionts tha t associa te
with penaeids, and one of their isopod
parasites often attracts a variety of queries.
Also, they act as a very important source
of food for fishes, birds, and other animals.
Near banks of bayous and among marsh
grass, thousands of specimens of Palaemonetes pugio can often be seined or dip
n etted in a few minutes. An adult cannot
grow a s long as a regular house-key and ca n
quickly be separated from young penaeids
because the female broods her eggs under
h er abdomen. A few grass shrimp symbionts
will be discussed; the cover-illustration
reproduced as Figure 78 shows several of
these.
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Figure 78. A grass shrimp (Palaemonetes puglo) with a variety of its symbionts. On the tail fan and
legs, a ciliate (Lagenophrys lunatus) lives within a transparent encasement opened to the external
environment. Another ciliate attached by its stalks to the anterior claw. In the tail muscle, the
encysted spherical fluke larva (Mlcrophallus choanophallus) looks conspicuous in the illustration
and also in the living shrimp if a host is held up to the light. The three larger dark spheres constitute the same fluke cysts, but hyperparasitized by a haplosporidan protozoan (Urosporldlum
crescens). When Infecting a related fluke in the blue crab, the association has been termed
"buckshot" or "pepper spot." A bopyrid isopod (Probopyrus pandallcola) occludes the anterior
side of the shrimp, and the common leech (Myzobdella lugubrls) darts about on the top of the
shrimp. The text covers these and several other symbionts from the grass shrimp.

Protozoans

The loricate ci liate (Lagenophrys
lunatus) encased on the tail fan, walking
legs, and swimming legs in the illustrated
shrimp provides an easier model to study
than the related ciliate species infesting the
gills of the blue crab. It can be observed
without harming the host and its development on a molting host can be followed.
T his protozoan species appears specific to
shrimps of the family Palaemonidae (grass
and river shrimp) i n fresh and brackish
water.
Within the transparent lorica•, the
peritrich projects its oral cilia through
the aperture for feeding on scraps from the
host's food and o n phytoplankton. Even
though its body is a ttach ed to the opening of

the lorica, a gap exists tha t allows a swarmer
(its telotroch la rva) to emerge. The adult
organism can also contract, sealing off that
aperture formed by the lorica's flexible collar extension. Microscopic examination
clearly sh ows the horseshoe-shaped
macronucleus and small micronucleus
diagnostic of many ciliates.
Preceding the host's molting, the organism, most prevalent on sites with the
greatest water flow, undergoes a special type
of asexual division producing two swarmers
(free swimming larvae). Loricas on fresh
molts contain these swarmers, as well as
dividing (asexually reproducing), trophic
(feeding), and conjugating (sexually reproducing) individuals. In other words,
when the host molts, stages have already
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been produced to reinfest the same host or
additional hosts and thereby perpetuate the
species.
Other ciliates also infest grass shrimp.
One (Terebrospira chattoni) can be seen almost anywhere except on or adjacent to the
gills. Small (50 to 100 µ) elliptical cysts
usually divided into compartmentalized
sectors may contain individuals or be empty.
Related apostomes feed on molting
(exuvial) fluid, but this species has become
adapted to feeding on the endocuticle. The
tiny flattened ciliate can be found digesting
the cuticle• at the end of a tunnel leading
away from one of the empty compartments.
Is this a transition between an external and
internal symbiont?
In addition to ciliates, a variety of microsporidan protozoans also infect grass
shrimp. One (Pleistophora lintoni) differs
little from related species in penaeids, crabs,
and even fishes. Large numbers of spores fill
the pansporoblast's chamber (Figure 79),
and a heavy infection produces an opaque
tail characteristic of "cotton shrimp."
Another species (lnodosporus spraguei)
produces the same gross appearance, but
the spores are unusual. Each undischarged
spore (with polar filament intact) contains
three or four long extensions ("tails") on its
basal portion and a divided short one on the
apical end. After an infected shrimp is eaten,
tails on a spore voided with the predator's
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feces probably aid in tangling the spore to
vegetation or trapping tidbits that might
ultimately induce another grass shrimp to
ingest it. While developing, the tails may
channelize nutrients and ions to and from
the forming spore. Eight of these tailed
spores occur within a pansporoblast.
Electron micrographs (Figures 80 and 81)
show the organelles that these tiny (3 µ long
by 2 µ, wide) spores possess. The polar filament has its base (end of the diagonal narrow structure) attached to the apical end.
Alterations in the plug at this juncture
allow the tube to turn inside out and e~trude
a considerable distance (about 40 µ,). The
p~ocess is aided by the lamellar (layered)
structure (polarplast) at the apical end. The
small, round, peripheral structures are
cross-sections of. the uneverted coiled portion of the filament. The external tails do
not extrude; they develop simultaneously
with the spores. The second micrograph
shows several early developing stages separated from mature ones by some unharmed
host muscle tissue. Each of the early stages
will divide, producing eight spores. The
tunnel-like arrangements adjacent to the
maturing spores constitute various sections
through the tails. Luck allowed a few spores
in this very thin section to reveal the place
where the tails join the spores.
Whereas microphallid larval cysts
(metacercariae) are hard to see in the penaeids because of a shrimp's large size and the
paucity of infections, cysts of Microphallus choanophallus are seldom absent
in most stocks of Palaemonetes pugio. By
holding a grass shrimp up to a light or to the
sky, many opaque specks, each representing
a cyst, stand out conspicuously. Often,
Urosporidium crescens hyperparasitizes•
one or more of the cysts (Figure 78), making
the cyst even more recognizable.

__

Figures
80 and 81 · Electron mlcrographs of a microsporidan (lnodosporus spraguel) from the
grass
shrim
near peri hp. Top, close-up of spore that causes cotton shrimp. Large light-colored round objects
that prot P dery and st raight object diagonal through spore all portray different views of the filament
ones on ~u ttes and discharges infective material. Bottom, mature spores on top and developing
O
separated by fun,ctlonal muscle tissue in between. The common species in the
blue crab
Eight spor (
on m/chae/1s) and some other microsporidans destroy adjacent muscle tissue
because t~! o~cur within a membrane for the figured species. Members of the genus are unusuai
spores are tJ ave long external tails attached to the spores. The tubular material among the
probably act::: tails. Inspection of either photo will reveal where some of the tails attach. They
tlon or debri
mheans to provide nutrients to developing spores and attach free spores to vegetas so t at the spores can be eaten.

A°m~:re

Metazoans
Figure 79. A microsporidan (Ple/stophora
//nton/) from the tail of the grass shrimp.
Members of this genus have several to many
hundred spores per chamber.

A bopyrid isopod (related to terrestrial
organisms called sowbugs, roly-poly bugs,
or potato bugs) stands as a good example of
a parasite on grass shrimp that is not found

...
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Figure 83. Adult female bopyrid isopod
(Probopyrus pandallcola) under carapace of
grass shrimp.

Figure 82. Life cycle of a bopyrid isopod (Probopyrus pandallcola) under the carapace of the
grass shrimp. The tiny male clinging to the illustrated female separated from the host fertilizes
the ova, and several individuals of the resulting larva remain with the female until that larva
develops and the host molts. Once freed, the larva attaches to a copepod host and develops
further into the stage infective for grass shrimp.

on local penaeids. The coloration and large
swelling on the side of the carapace make an
infested individual obvious . Different
species of bopyrids infest various crustaceans; the one on the grass shrimp
(Probopyrus pandalicola) associates only
with specific grass and river shrimps. As
suggested by Figure 82, it undergoes a life
cycle requiring an intermediate host•.
The large, distorted female isopod nearly
usurps the host's entire gill (branchial)
chamber (Figure 83). The ventral (underside) view of the female shows the dwarf
mature male near the posterior end among
the female's pleopods. She broods many
larvae within her marsupium (middle
portion of illustrated female). When the

host molts, many individuals of the first
stage larva (epicaridean) are liberated and
swim toward light. After attaching to the
copepod intermediate host (Acartia tonsa),
the larva metamorphoses into another larval
stage (microniscus) larva which grows
rapidly at the expense of the copepod, and,
when several are present, may even surpass
the host-copepod's mass. That larva molts
to form the larva (cryptoniscus) infective for
either a larval or young grass shrimp. The
first individual reaching a host's gill chamber develops into a female, whereas all later
ones become males. If the ability for sex
transformation is the same as for a related
bopyrid, male taken from one grass shrimp
and introduced to an uninfested shrimp

a

would turn into a female! If several larvae
invade an uninfected shrimp sim ultaneously, all become females, but only one would
eventually mature. Think of the experiments that could be conducted using this
host-symbiont system.
The ability for symbionts and hosts to
sen se their surroundings provides a
continual source of problems to investigate.
The grass shrimp acts as a good host to study
for harboring the "crab leech " (Myzobdella
lugubris). Occasionally one finds an individual with two or more leeches attached
(Figure 84). H owever, if a person puts an infested and many noninfested shrimp in a
bowl and starts adding leeches to the bowl,
he will observe that most will eventually attach to one or a few shrimp. As
many as 20 can reside on a single sh rimp.
The leech probably does not u tilize the
shrimp as much as the blue crab for dep osition of cocoons. It will use the shrimp,
though, and after it does, the shrimp often
eats the leech. Perhaps this results from
lethargy on the part of the spent• leech. I
have seen the anterior third of an eaten leech
remain alive in a grass shrimp for an entire
day,. sucking on the digestive g land and
movmg. The shrimp stayed alive!
_A few freshwater crustaceans rate highly
With consumers or fishermen, and they harbor a variety of parasites. O ne of these
parasites from a crayfish will serve as an
example.
Cat~ and other mammals that feed on
ray_fi_sh (pronounced "crawfi sh" in
fl otsiana) from ditches may acquire a lung
u e (Paragonimus kellicotti). Figure 85
shows the c 1ose1y related oriental
.
lu ng flu ke
•
o f man (Paragonimus
westermani) trans-

Figure 84. Three Individuals of a common
leech (Myzobdel/a /ugubrls) swaying about
on their grass shrimp host.

Figure 85. T he oriental lung fluke (Paragon/mus westermanl) which is related to one
that encysts in pairs in the lungs of local
carnivores that feed on crayfish.

m itted by a few cra bs in the Far East. Unlike
many intestinal fl u kes that infect local
estuarine and terrestrial mammals, the local
lung fl u ke can grow over 1 cm in length. It
has provoca tive mate-find ing behavior that
needs to be critically investigated. Nevertheless, if two or occasionally more
individual migrating larvae occur in the
cat, they quickly join together and become
encapsulated by the host in the lu ng wit hou t
causing much harm. On the o ther hand, if a
single worm infects a cat, i t migrates about
for an extended period in the lung or lung
cavity, presu mably needing to come in contact with a mate and occasiona lly causing
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continuous damage to the host. Thus, a
host appears better off with several worms
than with on e. Like most investigated
digeneans, Paragonimus kellicotti appears
to cross-fertilize rather than fertilize itself.
According to veterinarians along the
Gulf Coast, this freshwater lung fluke is rare
in pets except for outbreaks in Mobile,
Alabama. Still, presen_ce of the fluke should
be recognized . Pets that eat either dead or
living fish from the estuaries stand the
ch ance of acquiring several different
helminths.

VERTEBRATES AS HOSTS
FISHES
Because of the large number of fishes•
present in the northern Gulf, I make no
a ttempt to treat each species as thoroughly
as I covered symbionts of selected invertebrates. I picked only a few of the many
invertebrates from the Gulf, bu t they are all
commercially important. A much larger
number of commercially importan t finfishes than shellfishes inhabits that region.
The number of fishes one is likely to
encounter commo nly while shrimping and
fishing probably would be about 100, but
exerted effort should probably turn up over
400 species. These fishes exhibit a wide
variety of living and eating habits. Such
ecological differences plus additional bioch emical and physiological ones guarantee
a variety of parasites.
In our Parasitology Section at the Gulf
Coast Research Laboratory, one of our investigations deals specifically with
various aspects of parasites from the
Atlantic croaker. From this sin g le species
in Mississippi, we have encountered about
90 different species of parasites, about on ethird of which occur commonly. Wide overlap of different hosts occurs for some species
infecting croaker, whereas others infect on! y
the croaker or just a few host species.
Possibly a remark should be added for
those squeamish about parasites from fish
in general. When one cleans a fish, h e removes most of the parasites. T hose that
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remain in the flesh or under the skin may be
either easily visible or too small to see with
unaided eyes. In either case, most do not
infect man, but those that can die readily
when cooked, even for short periods.
T he following treatments should encourage an appreciation of some of these
variously-adapted piscine symbionts. Most
will be grouped by category of symbiont.
The reader, however, should remember that
many parasites utilize more than just a fish
to complete th eir life histories, and some of
those hosts have already been discussed. In
order to help readers locate the site of a parasite, Figure 86 reveals many anatomical features of a bony fish in general and of the
Atlantic croaker specifically. Because many
symbionts from elasmobranchs do not involve bony fishes (teleosts) and because
Hollywood has spurred recent interest in
sharks, elasmobranchs deserve some special
comments.
Abou t 800 species of elasmobra nchs
(sharks, skates, and rays) exist worldwide.
Of th ese, at least 38 may occur during a part
of the year in the northern Gulf of Mexico
and 26 are sharks. Many sharks can be
caught nea·r shore until the water temperature drops. Perhaps their p rey moves
offshore or becomes o therwise unavailable
during winter. The bull shark, a common
species, exemplifies this by not turning up
in nets or on fishermen's long lines* in
Pensacola, Florida, from November to midApril. Sh arks often aggravate both
commercial and recreational fishermen by
damaging fishing gear a nd removing bait
intended for other fishes. However, because
sharks are usually availa ble, because of the
thrill of catching a shark, and because
sharks taste good, man y are caught and
brought ashore.
Different elasmobranchs feed on a variety
of fish es a nd invertebrates, including many
commercial species. T his variatio n among
species is reflected by the variety of internal
parasites they host. Large sharks tend to
h ave more individual specimens than stingrays, but the large rays, probably because
th ey feed on a wider range of dietary items
than sharks, includ ing crustaceans and
molluscans in addition to fish, usually host
a larger number of species.
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Figure 86. Selected anatomical features of a bony fish (Atlantic croaker). Most fishes have similar,
but modified, features.

Figure 87. Opening up the spiral valve of a
small blacktlp shark. This modified intestine
increases the amount of absorptive area and
provides an Ideal habitat for tapeworms.

Ma ny species of parasites, especially tapeworms, occur in one or a few species of
elasmobranchs. T his specificity may relate
primarily to the kind of p rey preferred by the
different hosts. Structures of the jaw and
teeth usually govern the type of prey a n
el~smobranch can easily capture. Sharks
With sharp, pointed, or serrated teeth
(charcharhinids) probably eat many fish,
whereas sharks with flattened or small teeth
(mustelids and squalids) eat more crustaceans and molluscs. Modifications of the gut
also have some bearing on the attachment

organs of worms and therefore on the species
of parasites presen t. Rather than possessing
a simple tube for an intestine like most
teleosts, elasmobranchs have developed a
spiral valve which increases the absorptive
area. This structure exists in a few different
forms. The concentric spiral valve in
ch archarhinid sharks (Figure 87) reminds
me of a jelly roll whereas that in skates, rays,
and o ther sharks looks more like a corkscrew.

Microbes
Lymphocystis exemplifies a viral disease
of fishes which has external signs* that can
be readily observed (Figure 88). A specific
type of host cell (fibroblast*) becomes infected by the viral particles and may enlarge
(hypertrophy) to a few hundred times its
original size. Enlarged cells acquire a thick
hyaline* capsule, and critical examination
of an affected fish will reveal these individual cells among c rusty masses, or
"tumorous growths." The disease cannot be
associated with cancer• (see tumor in
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Figure 88. Atlantic croaker with lymphocystis. White encrusting masses consist of
numerous greatly-enlarged connective
tissue cells infected with a virus.

glossary) in the true sense because the g iantsized cells do not divide nor metastasize. In
fact, the disease rarely kills its host outright,
but probably does make it vulnerable to
predation.
In Mississippi Sound, two strain s of the
lymphocystis-virus cau se disease in
estuarine fishes. Several other strains infect
other fish es in adjacent and distant waters,
but for purposes of showing that strain s
differ, I will limit my discussion to a strain
which affects the Atlantic croaker and sand
sea trout and another which affects the silver
perch. One or two fishes other than those
mentioned can be experimentally infected
with each strain, but the croaker strain will
not infect the perch and vice versa. Development of infections in croaker progresses
more slowly at low temperatures, but infections occur in local water most prevalently
during cold months. Granular masses can
cover portions or near! y a ll of the skin and
fins and can slough off in o lder infections. Once the encrusting masses slough ,
the host appears resistant to a challenge
infection.
As indicated above, the strain in silver
perch does not infect the croaker, a nd the
vira l particle measures larger than the o ne
from croaker. Figure 89 shows an electron
micrograph of the virus particles. Even
though the perch's body surface exhibits
crusty masses (Figure 90), infections also
occur commonly in the gills (Figure 91 ) and
in various internal organs. Figures 92 and 93
reveal an infection involving the eye!
Perh aps the virus invades internally becau se
a symbiotic isopod (Lironeca ovalis) pro-

Figures 90 and 91. Silver perch with lymphocystis. Left, infection similar in appearance to that from
Atlantic croaker. Right, raised operculum showing infected gills and isopod (Llroneca ova/ls) that
may allow dispersal of the infective agent to the internal organs. Croaker have no apparent internal
(visceral) infections.

Figure 89. Electron micrograph of lymphocystis virus particles (dark hexagon-shaped
structures) in an enlarged connective tissue
cell from an Atlantic croaker. The granularlike structure at the bottom is a characteristic
nonrefractile inclusion body (compare with
retractile inclusion bodies associated with a
virus in penaeid shrimp).

duces a lesion on the gill, a llowing it to
spread through the blood stream (Figure
91). The isopod commo nly occurs on perch
with lymphocystis in the gills as well as on
several other fishes, none of which exhibits
lymphocystis.
Lymphocystis in c roake r from
Mississippi may be related to increased
pollution or other stresses. Long-time
sports fishermen who have fished croaker
from Mississipp i Sound for decades have
witnessed their first cases of lymphocystis
during the past few years. Additionally, I
have seen a considera ble increase in prevalence• since I 969 in Mississippi waters.
In fact, occasionally over one half of a
hundred croaker in a trawl haul will have
recognizable h yp ertrophied cells. The
disease in perch also can infect over half a

Figures 92 and 93. Pop-eye caused by
lymphocystls infection below and behind the
eye_. . Top, side view showing enlarged
ind1v1dual cells massed together with rich
blood supply. Bottom, top view of same fish
showing extent of bulging eye.

sample, but the preva !ence of infections
fluctuates differently than that for the strain
from croaker. Possibly fluctua tions relate
to the amount of rainfall, increasing with
abundant rains.
Several other viral orga nism s probably in~ ct ~ ulf fishes, but few have been reported.
onsiderable research needs to be conducted

on both viral and bacterial diseases.
Even though bacteria ca n be more easily
studied than most viruses, rela tively few
species from marin e fishes have been carefully investigated. A ch ronic fish-kill, one
that occurred over a long period of time in
Alabama and northwestern Florida, appeared to be ca used by the combined effects of
bacterial involvement and environmenta l
stress. Without stress-factors in addition to
bacteria, the bacteria by themselves seldom
cause fish mortalities.
" Fin rot syndrome," a condition for
which the rays of fins exhibit erosion,
disintegration, fusion, or abrasion, usually
with associated bleeding (h emorrhaging),
can be associated with bacteria and can
result in death. In some regions heavily
contaminated with industrial and agricultural pollutants, however, bacteria are not
a lways involved in cases of this syndrome.
As wi th the term "cancer," the name " fin rot
syndrome" a lso applies to more than one
specific disease. In .Mississippi, lesions on
many fish probably result p redominantly
from predators and trawl damage in conjunction w i t h trauma caused b y
contamina nts a nd other environmental
stresses.
Similar to situations with most diseasecau sing agents, a relatively sma ll number of
bacteria may occur withou t harming the
h ost. After undergoing stress, however, the
host's defense mechanisms allow the
bacterium or combination of contagions to
multiply rapidly and thereby harm it. An
example of a seconda ry bacterial infection
associa ted with a protozoan (Epistylis sp.)
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Figures 94 and 95. Tidewater silverside with
gas bubble disease. Top, side view. Bottom;
top view emphasizing bulging nature of eye
and clearer view of a bubble. A variety of
factors cause pop-eye and some are
discussed In the text.

will be discussed in the section on protozoans.
In most bacterial diseases, the presence
of bacteria has to be determined by culturing
in order to d iagnose a disease. The nonspecific "pop-eye" disease (technically called
"exophthalmos") provides a good example.
A variety of bacteria can cause this disease
recognizable by a bulging eye. We,
however, have already learned that
lymphocystis can cause eyes to bulge in
silver perch, and many other factors also
cause a protrusion. Helminths cause it and
so can mechanical injury or gas bubbles. A
case of "gas bubble" disease in a tidewater
silverside is illustrated by both top (dorsal)
and side (lateral) views (Figures 94 and 95 ).
T he presence of gas does not rule out
bacteria, but gas can be produced by overaeration, malfunctioning organs, and other
causes. Because bacteria in finfishes that
could influence human health are the same
as those in shellfishes, fish from contaminated waters should also be cooked to insure a
safe product.

Protozoans in General
Many different groups of protozoans
infect fishes. The phylum* Protozoa by
· definition contains all single-celled animals, both parasitic and entirely free-living.
Actually, many biologists pre sen ti y
working with different nonrelated protozoans have decided that they should split up
the phylum into several phyla, thereby
further emphasizing the differences among
nonrelated groups. Not until various stages
of selected species can be critically investigated with an electron microscope and
modern biochemical analyses, can many
scientists feel confident about the classification schemes. Many relationships still
need clarification.
Even though single-celled, · protozoans
possess a variety of specialized structures
that aid in food gathering, locomotion,
attachment, and protection. Some of these
structures will become apparent in the
following sections. The sections also present a few of the numerous possible
examples which portray a wide range in
fish-symbiont relationships. They include
flagellates, amoebas, sporozoans, microsporidans, myxosporidans, and ciliates.
Flagellates
A dinoflagellate acts as the most harmful
flagellate to captive marine fishes. Most
dinoflagellates occur in the plankton*,
possess chlorophyll*, and do not parasitize
hosts; they possess two flagella (read la ter
comments on cilia) which permit the tiny
organism to spiral through the water. One
wraps around a subequatorial depression of
the subspherical organism and the other
trails a long distance posteriorly. Actually,
the parasitic species also produce a stage
that looks like a typical p lanktonic
dinoflagellate mentioned above, and it is
that stage that allows proper classification
of the parasite. That stage, however, turns
into opaque chalky blobs (Figures 96 and
97) on the gills and skin of fishes.
A few different species of parasitic
dinoflagellates occur in the Gulf of Mexico,
but one (Amyloodinium ocellatum)
happens to be especially pathogenic to
captive fish. Careful examination reveals a
large nucleus, several food vacuoles, an

Figures 96-99. A parasitic dlnoflagellate (Amyloodlnlum ocellatum) from the gills of a fish. Top left,
a moderately-heavy infestj!tion of feeding individuals (trophonts) on the gills. Top right, close-up
showing food vacuoles, nucleus, attachment structure, and pigment stigma (above attachment).
Bottom left, encysted individual undergoing early divisions. Bottom right, later division stages.
From one trophont develops 128 cells that each form two swimming dinoflagellate-swarmers.
Each swarmer can infect a fish, repeat the cycle, and kill the fish if enough individuals infest it.

attachment plate with numerous projections (rhyzoids) that penetrate the hosttissue, an elonga ted flexible process
(stomapode tube) that apparently aids in
digesting host-tissue, and a reddish sensory
organelle near the a ttachment (Figure 97).
Other features require an ultrastructural
examination to distinguish them.
Rapid and extensive multiplication
allows the parasite to harm confined hosts.
Once the attached feeding stage (trophont)
on the gills reaches a large size (barely visible
With an unaided eye) or the host becomes
severely stressed, the parasite withdraws its
penetrating p rocesses, drops to the sub- ·
stratum, and covers itself with a cellulose
secretion. Cellular division (Figures 98 and
99)
·
contmues until 128 resulting cells
<level op mto
·
the greenish chloroplast*abundant
·
·
• cells
.
, free-sw1mmmg,
swarmmg
(dinospores). T he dinospores then divide
once
. . to form a total of 256 swarmers all
ongma t.mg f rom the smgle
.
attached
trophont; each can infest a host and develop

into a trophont. In the natural environment,
contact between swarmer and fish seldom
occurs, but in an aquarium or pond, the
probability of contact is high. When
th ousands of these individuals infest one
fish (Figure 96 shows a moderate infestation
on the gills), the host can die within half a
day, and nearly all marine fishes are susceptible.
Freshwater baths given aquarium-fishes
will cause the parasites to drop off the gills,
but a few of these can get caught in mucus or
be swallowed to remain dormant in a host's
intestine. They can reproduce in water with
from 3 to 45 ppt salt, andjustone individual
can start new infestations. Infestations
represent an enormous loss to marine aquaculture and the aquarium trade. A freshwater species that more readily infests the
skin rather than the gills also kills many
fish.
Other types of flagellates also infect the
gills, skin, and gut of estuarine and marine
fishes. Those that infect fishes possess from
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vivida). In addition to being an invertebrate
-·host, a leech can also be a passive vector• for
trypanosomes.

Amoebas

-

Figure 100. Trypanosome (Trypanoplasma
bullock/) in blood of the southern flounder.
Note the anterior and posterior flagella. Also,
note that fish red blood cells, unlike human
ones, have nuclei.

one to eight flagella. Most occur in low
numbers in fish from natural waters, but can
rapidly intensify in stressed or cultivated
hosts. For most of those flagellates, the
identification and life histories are poorly
understood, but reproduction typically
takes place on the host.
The blood of several fishes harbors a
different type of flagellate. The most
common blood flagellate in Mississippi
estuaries (Trypanoplasma bullocki, Figure
100) has two flagella, whereas some others
have one. Both flagella extending from this
elongated organism originate at its anterior
end. One borders a protruding undulating
membrane and trails beyond it. This
parasite, the body of which is longer than
the host 's blood cells, can best be
appreciated when viewed alive. A drop of
blood from an infected southern flounder
placed under a coverslip reveals intense
undulating activity through a microscope.
If a fish has trypanosomes, individuals can
be observed easily by allowing several drops
of blood to clot. The parasites swim about in
the clear serum•.
Unlike their mammalian counterparts
which cause African sleeping-sickness,
piscine trypanosomes rarely cause disease.
One species has harmed hatchery-reared
rainbow trout in California.
Transmission of trypanosomes into fish
occurs when leeches obtain their blood
meal. In the case of Trypanoplasma
bullocki in the southern flounder, sexual
reproduction of the flagellate probably takes
place in a specific small leech (Calliobdella

Commensal amoebas probably occur in
intestines of Gulf fishes, but fishes have not
been adequately examined for them. At least
one species has invaded pond-reared freshwater fish in the south eastern U .S. and
caused se ri ous disease. Implicated
mortalities may have required additional
involvement with bacteria or other
protozoans.

Sporozoans

A group of entirely parasitic protozoans
called Sporozoa have members that typically
have a spore• stage. Life cycles usually
include alternation between one host in
which gametes• and asexually-produced
individuals are formed, and another host in
which gametes unite and spores with infective stages develop. Malaria-causing organisms belong to this group; fertilization and
"spore" (nonresistant) formation occurs in
mosquitoes, and the asexual phase takes
place in reptiles, birds, man, and other
mammals.
Coccidians constitute the most studied
organisms with "resistant" spores (those
that can withstand the elements when
passing from one host to another) because of
their devastating effects on poultry and
livestock. Some species have intermediate
hosts, whereas others bypass such hosts
completely and are transmitted by feeding
on the spores. Figure IOI shows four spores
in a cyst (oocyst) taken from a lesion on the
tail fin of a Gulf killifish in a Louisiana
marsh in Cameron Parish. Each spore
contains two organisms (sporozoites)
presumably infective for other killifish.
T he number of spores and sporozoites per
cyst determines to what genus a species
belongs. The genus of the figured species
(Eimeria sp.) also includes many species
that infect most farm-animals; however, its
cyst wall is thinner because the host's
aquatic environment is seldom threatened

Figure 101. Coccldian (Elmer/a sp.) from
lesion on tail fin of the Gulf killifish. Each
thin-walled cyst contains four spores, and
each spore contains two infective organisms
(sporozoites). Related members of this same
genus cause serious economic losses to
untreated, infected, farm animals.

by desiccation. U nlike species in most
warm-blooded vertebra tes, all or most of
those infecting fishes produce infective
stages while still in fish tissues and do not
utilize an intermediate host.
Different p iscine coccidians involve
different host tissues such as the testes of
menhaden and swim (air) bladder of cod.
Medical doctors have misdiagnosed as
human coccidian infections cases where
cysts were recovered in stools of people
having eaten sardines and other fishes
uncooked. These fish parasites do not harm
man.
Rela ted sporozoans (h e mogregarines)
infect peripheral red blood corpuscles of
elasmobranchs and bony fishes. Most
species presumably also infect blood cells
in bone marrow, liver, or elsewhere in the
same host, but these stages have not been
properly described for a piscine hemogregarine; they ha ve been for a turtle species.
For some other species, however; asexual
multiplication occurs in peripheral blood.
More prevalent in Mississippi fishes than
trypanosomes, h emogregarines may be
more difficult to find in a cursory examination because thin blood smears must be
stained to observe the subspherical to
gre.at ly-elongated parasites (game tes• )
which occupy a peripheral blood cell
(Figure 102). An individual southern
flounder may have bo th a hemogregarine
(Haemogregarina platessae) and a flagellate
(Trypanoplasma bu llocki). T he same leech
probably transmits both parasites. Blood-

Figure 102. Hemogregarine (Haemogregarlna platessae) in blood cells of southern
flounder. Note that the parasite (a gamete
stage) is inside the red blood cell rather than
external to it. A pair of gametes fuse to form a
zygote, presumably in a leech.

Figure 103. Spot with tumorous growths
caused by a microsporidan protozoan
(Ple/stophora sp.). Insert shows microscopic
view of spores.

feeders other than leeches may also transmit
some hemogregarines.

M icrosporidans

Another group of Protozoa, the Microsporida, has been treated in some detail
earlier when discussing the life cycle of
A meson michaelis in the blue crab and the
spores of Inodosporus spraguei in grass
shrimp. Several microsporidans infect
fishes, but more appear to infect species in
regions more temperate than the northern
Gulf. In the Northeast, winter flounder and
shad are conspicuous hosts. In the G ulf,
sciaenids (the croaker, spot, drums, and
seatrouts) and a few other fishes host microsporidans, but cysts are usually small and
infections are much more prevalent in
crustaceans and other invertebrates,
including flukes. The conspicuous growth
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Figure 104. Myxosporidan from cyst in liver
of striped mullet showing discharged polar
filaments.

on the spot in Figure I 03 results from large
masses of a microsporidan (Pleistophora
sp. ). Some growths are hard, whereas others
a re soft; all are infrequently seen.

Myxosporidans
Myxo sporidan s occur much more
commonly than microsporidans in Gulf
fishes, and they comprise a quite unusual
protozoan group fo r several reasons. From
an evolu tiona ry point of view ,
Myxosporida does not fit in with other
protozoan groups because members have
more than a single cell. Depending on the
species under con sideration, the actual
number of cells p er spore differs, but a
spore of most piscine species develops from
five cells.
From an anatomical point of view,
myxosporidans possess internal polar
capsules wh ich evert an elongated filament
(Figure 104) simila rly to the various structures (stinging, adhesive, anchoring, and
entangling) evened from capsules found in
jellyfishes and o ther cnidarians.
From a host-symbiont point of view,
myxosporidans can be divided into two
primary types: those that infect lumens
of hollow organs such as the gall bladder
(coelozoic) and those that infect tissues
such as muscles (histozoic). Rather than
occurring in spaces between muscle cells
like a histozoic form in the strict sense, some
sp ecies develop within muscle fibers
(cytozoic).
Tumorous• growths caused by a histozoic
myxosporidan (Myxobolus lintoni) provide a dramatic example (Figure 105 ). Not
prevalent in the Gulf, the disease, which

Figure 105. Sheepshead minnow with
tumorous growths caused by myxosporidan
(Myxobo/us 1/ntonl). As in the microsporidan
infection from spot, the cysts contain
millions of infective spores.

affects the sheepshead minnow at least from
Mississippi to Texas, may be related to
pollution or o ther stresses. It has other
similarities to can cer in addition to possibly
being induced by a pollutant. Vegetative
growths invade and replace healthy muscle
tissu e and new growths spread to other
regions of the body. A related species
(M yxobolus cerebra/is) invades and erodes
cartilage supporting the central nervous
system of salmonid fishes. Hatchery-reared
rainbow and brook trout seem most susceptible to "whirling disease," the result
of heavy infections. Infected fish can be
spotted quickly because their tail region
turns black; neurological control of
chromatophores• becomes impaired.
Several histozoic species infect muscle,
gill, liver, skin, cartilage, and other tissue in
G ulf fishes. One worth mentioning because
it can be readily seen in commercially important fishes without a microscope forms
cysts between fin rays o f some seatrouts
and related species. Figure 106 shows
several cysts of this species (H enneguya
sp.) in a spot. As with most species, millions
of spores fill each cyst. In members of this
gen us, the two joined spore-valves have
long posterior extensions (tails) (see insert
of Henneguya sp. in Figure 106).
Coelozoic or cavity forms comprise a
larger group of parasites, but fish must be
dissected in order to detect them. Some large,
flat, elliptical forms (trophozoites) can be
seen through a gall bladder's wall, whereas
smears of bile or other fluid must be microscopically examined to detect others. Ga!I

Fig ure 106. Spot with myxosporidan
(Henneguya sp.) cysts between rays in
dorsal and caudal fins. An insert shows the
tail-like extensions of the two valves.

bladders, urinary bladders, and ureters
comprise common sites.
Myxosporidans generally parasitize coldblooded vertebrates. As one of three exceptions to this, a species (Fabespora vermicola)
infects a fluke that inhabits the intestine of
the sheepshead (a porgy) (Fig ures 107 to
109). Vegetative growth stages surround
both primary and second-r4ry
,,, reproductive
organs, leaving the fluke unable to produce
eggs. Spores develop in pairs (Figure I 08); as
they mature, they occupy the tegument
(skin ) (Figure 109). Most unusual for any
myxosporidan, however, is that after the
spores either actively penetrate through the
tegument or passively slough with external
tegument, single spores move by themselves.
Possibly this unique characteristic allows
other flukes to acquire infections because
usually either severa l worms or no worms
per host have infections. Neither sheepshead with the fluke nor others examined had
any myxosporidan infections. Still, the most
similar described relative to this parasite infects a fish in Russia.

Ciliates
T he ciliates comprise another large important group of Protozoa that infests fishes.
Many commensal sp ecies become parasitic
when environmen ta l or host conditions
dicta te. Ciliates possess cilia in one or more
;:ages of their life cycle. A ciliu m, like a
agellum, is an elongated structure u sually

Figures 107-109. The only reported myxosporidan (Fabespora vermlco/a) from a
flatworm and one of three from an invertebrate. Top, spores showing polar capsules at
opposite ends of the spore. Middle, two
spores develop together within a membrane.
Bottom, developing stages occur primarily
around reproductive organs of the digenean
host, and mature spores pass through the
tegument (darkly-stained outer layer of
tissue).

composed of nine peripheral and two
central filaments enclosed in a sheath and
ela bora tely connected both to the bodyproper of the animal and to the internal
bases of o'ther cilia in their row. T he wellcoordinated and controlled system allows
progressive bea ts to form waves that aid
locomotion and food gathering . Ciliates
also possess two typ es of nuclei: a small one
(micronucleus) important in sexual reproduction and a large one (macronucleus)
produced from the small one and involved
with nonsexual functions; the macronucleus of some ciliates appears like a
horseshoe excessively twisted by an overenthusiastic blacksmith.
Ciliates are often classified according to
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their feeding appara tus. Peritrichs have a
Jong tubular buccal cavity lined with spiralling cilia leading toward the mouth, as well
as some stouter cilia in rows encircling the
top of the cavity. Many peritrichs attach
permanently to their host or other substratum by a stalk, disk, or lorica (discu ssed
earlier with crustacean ciliates), whereas
othrr motile ones may attach only tempora1ily. All living peritrichs provide
impressive spectacles under a microscope.
Most coastal fishes in Mississippi harbor
at least one motile species of peritrich
(members o f Trichodina or a related genus).
The ciliates occur primarily on the gills, but
also infest the skin. In contrast, most of
those that infest freshwater fishes, and there
are many, preferentially infest the skin.
Normally few individuals infest a fish, but
some fishes typically host both more individuals and more species than others. The
Florida pompano and striped mullet each
commonly host at least two species.Juvenile
pompano placed in a garbage can filled wi th
aerated seawater and examined daily for gill
and skin protozoans will acquire increasingly dense populations of trichodinids.
Apparently reproducing extensively when
their hosts become crowded and stressed,
they may be undergoing a "normal survival
procedure" in order to assure a few
individuals an opportunity to infest
additional hosts should theirs die.
Trichodinids may attract curiosity because of the ring of interlocking teeth
(denticles) on the ventral surface. Figures
110 and 111 show these denticles for two
different species. One photograph displays
a Ii ve ciliate and the other shows a preserved
one stained to accentuate the denticles.
Devastating as these denticles might appear,
they do not harm the host; they support the
disk like a flexible skeleton. Ciliary movements permit an individual to glide over or
hover close to its host. On the other hand,
the peripheral border of the basal disk
membrane can p inch and even dislodge host
tissue. In this manner, the ciliate can harm
its host, especially if the fish is young or has
dense populations on its gills. Pathological
conditions usually involve hosts in rearing
facilities. Many estuarine and marine
ciliates have not been named, possibly

Figures 11 O and 111. Trichodinid ciliate
parasites from estuarine fishes. Top, live
specimen. Bottom, stained (impregnation
with silver nitrate) specimen of another
species to accentuate the ring of "teeth"
(denticles) on the ventral surface. These
ciliates can cause mortalities in reared fish.

because of the detailed study necessary to
delineate the patterns of cilia for the different stages.
Attached peritrichs have also been
implicated in fish mortalities. One species
(Epistylis sp.) has, within the last few years,
infested an increasingly large number of
bluegill, bream, bass, and marine fishes
that invade fresh or nearly freshwater coastal
Mississippi bayous. The disease derives its
name, "red sore," from the bloody lesions
associated with this long-stalked, colonial
ciliate.
Red sore disease portrays a good example
of both a disease associated with pollution
and a disease resulting from interactions
between two organisms. Fish with extensive
red sores have a systemic* bacterial infection
(Aeromonas hydrophila) that can kill the
host. I believe the ciliate which is invading
host tissue acts as the primary invader, allowing secondary entrance by the bacterium
into the blood where it can proliferate
extensively. The bacterium can also enter
by other routes, even in fish without the
ciliate.

Some pollutants seem to enhance reproductive capabilities of Epistylis sp.
H undreds of colonies of this organism
produce a fuzzy grow th which appears like
cotton or fungi . Fish farmers find that an
increase in organic materials in their ponds
promotes a n increase in red sores. In some
low salinity and freshwater bayous that
have, over the past few years, increased their
concentration of pollutants or decreased
their flow of water, the prevalence of red
sore disease has increased dramatically. In
fact, fishing in poorly-flushed regions can,
during certain seasons, produce a preponderance of bluegill with red sores. Such
catches have kept some fishermen from
returning to particular favorite holes where
they have fished for decades. Infections have
kept some from fishing at all.
Holotrichous ciliates do not form a
natural (phylogenetically* related) group;
most have simple uniform body cilia and no
specia lized cilia around the mouth. The best
known marine "holotrich," at least to
aquarists, i s the marine counterpart
(Cryptocaryon irritans) of the freshwater
species that causes "ich," a shortened term
used by tropical fish fanciers to designate
Ichthyophthirius multifiliis. Both the saltwater and freshwater species cause elevations on the gills and skin consistin g of nests
of these ciliates eating away at tissues
just under the outer layer of skin. They
irritate the host and promote secondary
bacterial infections. As in the life cycle of the
dinoflagellate Am yloodinium ocellatum,
the_ release of one feeding individual
ult1mately gives rise to numerous infective
organisms, each adding to disorder in an
aquariu m or pond. Most aquariumremedies affect the short-lived swarming
stage; therefore, treatment should continue
until all feeding individuals (trophonts)
leave the fish .

Cryptocaryon irritans affects a variety
of hoS ts, but is rare in nature. Most other
holotrichs do not share its parasitic mode
of life
.
. . ,· h owever, un d er appropriate
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Free-living ciliates in other groups can
also turn parasitic. A hypotrich (a species
of Euplotes or closely-related genus)
damaged gills and skin of several specimens
of the sheepshead minnow collected from
Horn Island and maintained for a month in
an aquarium. The opercula and snout of
infested fish developed bloody lesions, their
normal swimming behavior modified into
jerky and gasping motions, and they died,
either from secondary infections or directly
from the ciliate.
Tapeworms
Tapeworms (cestodes) form a group of
worms which exhibits two striking features.
The worms have no alimentary canal, and
they have an elongated "segmented" body,
thereby giving an impression of a measuring tape, hence their common name
"tapeworm." As adults they inhabit tubular
regions like an intestine with its high
nutritional level, attaching to their host
with a holdfast organ (scolex). This organ
may be simple or ornamented with a variety
of hooks, suckers, and other structures, and
it represents the major feature used for
classification. Each segment of the "tape"
usually possesses one set of reproductive
organs (a proglottid), and in most species a
few segments are continuously being
formed.
In general, few marine bony fishes (teleosts) in the northern Gulf host adult
tapeworms . Examples are a worm
(Anantrum tortum) from the inshore
lizardfish and those (ptychobothriids) from
needlefishes and related species. The

Figure 112. An inshore lizardfish portraying
its viscera and the adult tapeworms
(Anantrum tortum) from the intestine of a
similar-sized fish. Worms also occur in
illustrated fish.
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Figure 113. Life cycle of the tapeworm (Poecllanclstrlum caryophyl/um) that causes "wormy
trout." The adult develops in the bull shark (or other related sharks). Released segment~ from the
adult disperse eggs, each with a larva that Infects a crustacean whic~ in turn is eaten by a f1~h. Wh_en
eaten by seatrout and related fishes, the larva develops further m flesh and becomes infective
for sharks.

lizardfish worm looks more like a twisted
Christmas ribbon than a measuring tape.
The normally twisted body possesses a
series of reproductive organs, but they are
not compartmentalized into segments.
Without any specialized holdfast organ, this
worm (Figure 112) often maintains its
position by winding in clumps of several
individuals at bends in the intestine or by
sticking an expanded or folded-over
"scolex" into a pyloric caecum. The position in the gut appears related to external
water temperature. As the temperature increases, an increased percentage of worms
locates near the anus. If a fresh lizardfish
comes into possession, see whether a rela tively la rge cream y-colored worm occupies
the intestine. Watch it writhe in a corkscrew
fashion within a mixture of one or more
parts full strength seawater and three parts

freshwater (the one-fourth seawater solu tion
approximates the host's body fluids a nd will
maintain mos t helminths for several hours).
Even though marine teleosts have few
adult cestodes, they harbor a rich variety of
larval ones. They act as intermediate hosts
for the stage (plerocercoid) that infects the
final h ost. With a few exceptions, these
larvae mature in specific elasmobranchs.
T he perfect example of th is causes "wormy
trout. " Indeed, when coastal residents,
especially those who catch and fillet marine
and estuarine fish es, are asked if they know
about any parasites in fishes, most respond
first and some respond exclusively about
this trout-worm ( Poe cilancistri um
caryophyllum). To regress a bit, fish harbor
many parasites, but even the most patho·
genie is rendered harmless by cooking. The
common one in the trout does not even need

Figures 114-11 7. Larval stages of tapeworm (Poecllanclstrlum caryophyllum) that causes "wormy
trout." Top left, egg with enclosed coracidium showing cilia and hooklets. Top right, early development (procercoid) in copepod (Tlgrlopus callfornlcus). Bottom left, a more-developed larval stage.
Note two Individuals are present. Bottom right, subsequent larval stage (plerocercoid in blastocyst) in flesh of spotted seatrout. These organisms have been lifted some from the flesh to make
them more obvious, but most fillets will have 80% of the worms obvious. Usually about two worms
infect a fish, but cutting the caudal extension of a cyst gives the impression of many worms being
present.

heating to become harmless to people.
Unfortunately, too many people feel disgust at these infections.
"Wormy trout" refers to the presence
of the entwined fleshy stage (blastocyst) that
harbors an encased infective larva (plerocercoid) at its swollen end. As seen in the
diagram (Figure 113), sharks (the bull
shark and related species) acquire infections
by eating seatrout (or less often a few other
related fishes including redfish, croaker, a rid
drum). Within the intestine and spiral valve,
the worm matures, reaching about 20 cm
long and producing eggs in attached proglouids. When the worm or a ba tch of
segments passes into seawater, a ventral
c~~ft in a segment splits, allowing eggs
1
( ?ure 114) to disperse. After about a week,
a llny swimming larva (coracidium) pops
~ut of the capped egg. If eaten wi thin 2 days
Yan appropriate crustacean, another larval
st
age (procercoid) develops (Figures 115 and

116). This host in turn m ust be eaten by an
appropriate fish, usually a seatrout (see
Figures 117 and 118). The worm apparently
can live in th e trout for a few years. Most
infected sharks measure longer than 135 cm
(4½ feet) long, presumably because larger
sharks eat more seatrout.
Even though some fishermen think theircatch had 20 or so worms per fish, few
individual fish have more than 3 or 4. The
elongated, twisted,. fles-hy extension may be
cut into several pieces, giving the illusion
of many worm s. Apparently, once a fish
becomes infected, it acquires resistance• to
future infections. Examination of a large
number of spotted seatrout su ggests that the
worms do no t harm adult fish . H owever, no
fish less than 14 cm and few less than 25 cm
long had infections, suggesting eith er that
young fish do not get infected or that the fish
get killed. Larvae in small fish occasionally
encroach on vital organs, giving some sup-
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croa ker,
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ding a stout recurved one, occurs on
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f
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another species from the 1 n ey o a stnpe

Figure 120. Individuals of a cestode larva
(plerocercoid of Dasyrhynchus sp.) being
cut out from tissue of the crevalle jack. The
blastocyst has a long thin tail (caudal
extension) and contains the plerocercoid.
Figure 118. Plerocercoid of Poecllanclstrlum
caryophy/lum removed from fleshy
blastocyst. Note the four hooked tentacles
and the sheaths that contain the tentacles
when they are not protruded. Constriction of
the bulbs at the posterior of the attachment
organ (scolex) protrudes them.

port to the latter possibility. Perhaps the
worm is detrimental to good fishing. It is
not detrimental to good eating!
Another "fish tale" needs rectifying.
Wormy trout occur year around because
once a host becomes infected, the worms can
remain for a few years. When average salinity levels are high, usually during
summer, the percentage of fish infected is
also high. However, the percentage of
infected fish during other seasons may far
surpass that percentage encountered during
a summer for which the average salinity was
low. More spotted seatrout have heavier
infections in the clean high saline water of
Apalachee Bay, Florida, (an average of 4.4
worms in 98% of fish over 25 cm and a maximum of 16 worms in a fish) than in any
other region sampled. High saline water
probably supports more potential intermediate hosts. An average of two worms infects
about 40% of the eating-sized fish in Texas,
Louisiana, and Mississippi. In polluted
Tampa Bay, Florida, only 1.3 worms per
fish infected 10% of the trout.

mullet. Hooks shaped like rose-thorns a re
the most common type on trypanorhynchs.
Another cestode group (Tetraphyllidea)
infecting local elasmobranchs has members
with four similar muscular holdfast organs
without tentacles on the scolex. Each may
have hooks, spines, suckers, or folds to
attach to the gut. In order to appreciate
the variety of these holdfasts, some photographs are presented. Note the folded
margins (Figure 123) on one from the
At l antic stingray (Phyllobothrium
foliatum). In Rhinebothrium corymbum
(Figure 124) from the southern stingray
there are 27 grooves (loculi) on each pedunculated bothridium. Rhinebothrium
maccallumi, also from the southern stingray, has fewer (Figure 125). Members of the
genus Acanthobothrium h ave triloculate
bothridia, each with two forked hooks
anteriorly. Compare the scolex for Acanthobothrium paulum (Figure 126) from the

f"igure 119. Close-up of tentacles of Poec//anclstrlum caryophyllum from "wormy
seatrout." Note the different shapes and
sizes of hooks, the muscle in the sheath that
retracts the tentacle, and the darkened
ciliated pits at the anterior margin. The
sensory pits protruded and actively moved
about when the fixed worm was alive.

The above cestode plerocercoid belongs to
the trypanorhynch group and is diagnosed
primarily by the presence of four eversible
hooked tentacles (proboscises) (Figure 119).
Contraction of muscles around the fluidfilled proboscis bulb protrudes the tentacle
(Figure 118). The hooks then allow these
tentacles to attach in the host gut. Another
related trypanorhynch (Dasyrhynchus sp.)
in the crevalle jack (Figure 120) can be ob·
served commonly infecting the head and less
often occurring elsewh ere in the flesh. The
plerocercoid of many species infects crusta·
ceans and an earlier example (Prochris·
tianella hispida, Figures 70 and 72) repre·
sents an extremely abundant one.
Tentacle-hooks come in all sizes and
shapes, sometimes with considerable variety
on a single tentacle. Long spikes with small
distal barbs (Figure 121 ) characterize a
species (Pterobothrium heteracanthum)
from the muscles and body cavity of Atlantic

F~gures 121 and 122. Variation in types of hooks on the tentacles of trypanorhynch tapeworms. Left
~- ows small barbs on thin spikes (Pterobothrlum heteracanthum from flesh of Atlantic croaker).
•ght shows more than one type. In addition to numerous thin hooks, some robust ones shaped like
8
latch-hook provide the most conspicuous form (?Ca/1/tetrarhynchus sp. from kidney of striped
mullet).
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Figures 123-125. Variety in scolices of nonhooked tetraphyllideans. Left, Phyllobothrlum sp. from
spiral valve of Atlantic stingray. Middle, Rhlnebothrlum corymbum from a southern stingray has
more "loculi" on each of the four bothridia than Rhlnebothrlum maccalluml (right) from the same
host.
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~Figure 127). These proglottids drop off the
worm and then develop eggs while still in
the gut of the stingray. Detached, the enlarged proglottids of both tetraphyllidea ns
and trypanorhynchs move about in the gut
and present an appearance similar to that
of a fluke. Some even develop suckers or
spines.
The typical life cycle of tetraphyllideans
probably follows that of the trypanorhynchs, but the underdeveloped scolex of
the plerocercoid larva does not allow identification like that of trypanorhynchs. In fact,
plerocercoids of many species are collectively called "Scolex polymorphus" (Figure
129). Possibly this plerocercoid stage for
some species can be attained in a single
crustacean host. Vertebr ates, molluscs,
and other invertebrates also act as intermediate and paratenic hosts.

,

'
Figures 126-128. Two related species of the hooked tetraphyllidean tapeworm Acanthobothrlum.
Left, scolex (attachment organ) of Acanthobothrlum paulum from spiral valve of southern stingray. Middle and right, mature proglottid (the reproductive segment) and scolex of Acanthoboth·
rlum brevlsslme from the bluntnose stingray. Note the divided bothridia of both species and the
bend (abnormal) in the hooks of the latter species occurring in both sets of hooks. The hooks also
bend on two unseen opposing bothridia.

f

Figure 129. Larval (plerocercoid) tetraphyllidean tapeworm (Seo/ex polymorphus)
from intestine of small striped mullet. Larvae
representing a number of different species,
but similar in appearance and also called
~co/ex polymorphus, infect a variety of
fishes and invertebrates.
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Figure 130. An unusual tapeworm (Cathetocephalus thatcher/) from the spiral valve of a
bull shark. Up to 14 bodies can extend from
the perpendicular scolex of a single worm.

Tapeworms in general have a single long
body. A few specimen s of a species
(Cathetocephalus thatcheri) from the bull
shark caught from a variety of regions had
up to 14 bodies (strobila) attached to one
transversel y elongated scolex. Possibly
entirely separate worms could be formed asexually if each body detached and formed a
new scolex. A single body is shown in Figure
130.

Monogenean Flukes
All groups of flukes show simila rities to
and are classified with tapeworms as flatworms. Even though exceptions exist, these
similar features include being more or less
flattened , not having a body cavity, being
hermaphroditic (male and female sexual organs occurring in the same individual), and
having flame cells (cells with a tuft of cilia
extending into tubules) to aid in elimina ting metabolic wastes and regulating water
balance. Flukes can be easily distinguished
from tapeworms since they possess a gu t
rather than depending entirely on nutrients
passing through their tegument (skin).
Also, larvae of flukes develop differently
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ommon worm has been accentua ted. by
staining. In life, the transparen t milkycolored worm on the belly of the ray can be
easily overlooked withou t critical examination. It attaches to its h ost using the large
central anchors and small marginal hooks
on the large posterior organ (haptor, Figure
133). It feeds wi th its a nteriorly-located
mouth.
Smaller monogeneans, but those still
large enough to observe with naked eyes,
occur commonly on gills of fishes in the
Gulf. Jacks, drums, seatrouts, sh arks, and
many other fishes often have them. These
exhibit a reddish or blackish ap pearance
caused in part by ingested host blood or its
breakdown products. As a general rule, these
(polyopisthocotylids) feed on blood instead
of tissue and mucus like the others (monopisthocotylids). Rather than having a n chors
and hooks like those monopisth ocotylids
discussed above from elasmobra nchs, m ost
of these polyopisthocotylids have m embers
characterized by having cla mps or suckers.
Members of one family (Hexa bothriidae)
from sharks have large curved hooks
associated with suckers (Figure 134).
At the risk of leading the reader into
thinki ng monogeneans are not primarily
parasites of fishes, an examp le of those with
clamps also exemplifies a hyperparasite
that does not always infest fish. Large
specimens of this species with stalked
clamps (Choricoty le aspinachorda, Figure
135) typically attach near the bases of the
legs of a symbiotic isopod (Cymothoa
excisa) lodged in th e throa t cavity (frequently on the tongue or gill rakers) of a
C

Figure 131. Sawfish with heavy infestation
of monogenean (Dermophthlrlus sp.). White
blobs all over head (and rest of body) are the
fluke, and they are especially conspicuous
because the fish had been frozen and
thawed.

tha n those of cestodes.
Biologists separate flukes, or trem a todes
as they a re frequently called, into those
forms which typically infest their hosts
externally and do not require an intermediate h ost from those tha t infect their
hosts internally a nd undergo asexual
reprodu ction requirin g intermedia te h osts.
The externa l types (monogeneans) seem to
be more closely rela ted to ta peworms tha n to
internal on es (digeneans).
Monogeneans primarily infest the gills or
skin of fish es; however, a few occur in the
gut of fishes a nd oth ers infect the urinary
bladders of frogs and turtles and other sites.
A few even occu r on or in squid and crustaceans. T h ey usually lay a small number of
eggs each day. Within each egg, a n
en capsulated cilia ted la rva ultima tely
ha tch es and develops into an adult wi thout
undergoing asexua l reproduction. Worms
deposit these eggs, some of which h ave
shells with long filaments or other tangling
or a nch oring devices, in such a manner that
helps assure completion of the cycle. Some
a ttach eggs to sand grains on which their
benthic* hosts usually rest, and others
deposit th em on their schooling host's gills,
gambling on u ltima te contact with schoolmates just as children pass head-lice to their
friends. A variety of methods aid transm ission.
Some adult monogeneans are so small
tha t a high -powered microscope must be
used to identify or even see them , w hereas
others grow larger than a thumb-nail. T h e

p igfish. Often wh en a p igfish is n ot infested
by the cymothoid isopod , it still has
imma ture specimens of the mon ogen ean on
the gills. Primarily large adult flukes favor
the isopod, and they deposit clumps of eggs
on it. T he combined worms an d eggs on the
isopod present a flowery ap peara nce. The

Figures 132 and 133. A capsalid monogenean (Benedenlella posterocolpa) fr~m
the belly skin of a cownose ray. Top, entire
stained worm . Bottom, close-up of anchors
and accessory structures used for forming
suction cup effect for attachment.

la tter can be seen on the tough skin of some
local sha rks and o ther elasmobra nchs. The
la rge conspicuous objects on the sawfish in
Figure 131 a re specimens of a m ~nog~nean
(Dermophthirius sp.) tha t were 1mphcated
in the death of the h ost in a public manne
aquarium. T he rela ted species (Benedeniella posterocolpa) shown in Figure 132 ca~e
from a cowno se ray. T he beauty of this

Figure 134. Holdfast (haptor) of a monog~nean (Heteronchocotyle /eucas) from the
~• Is of a bull shark. Note the large curved
00
ks (sclerites) associated with the
suckers.

Figures 135 and 136. Monogeneans from
symbiotic isopods on fish. Top, entire worm
(Chorlcotyle asplnachorda) from isopod
(Cymothoa exclsa) in throat of pigfish. Note
posterior holdfast organ with eight
pedunculated clamps. Bottom, close-up of a
clamp from a related worm (Chorlcotyle
loulslanensls) on isopod in southern
kingfish.

66

Fishes 67

Marine Maladies?

close-up of a clamp (Figure 136) actually
belongs to a closely related worm
(Choricotyle louisianensis) which has a
similar relationship with a cymothoid
isopod on the sou thern kingfish (also
commonly called ground mullet). Next time
one of these fiesty bottom feeders is caugh t,
a reader should look for th e isopod and its
symbionts.
Relatives of the isopod monogeneans that
infest gills of fish occasionally cause
mortalities, but usually only when infesting
confined fish. Fishes such as the commercia ll y va luable Florida pompano
acquire infestations h eavy enough to
succumb. Most relatives of the first mentioned type (monopisthocotylids) on bony
fish, and there are many, never reach a size
visible to the naked eye. These tiny tissuefeeding species comprise a much bigger
threat than polyopisthocotylids to confined
hosts, including freshwater fishes. If present
in an aquarium or small pond, h owever,
infestations can usually be controlled with a
variety of chemical treatments. Figure 137
shows a couple of individuals in conjunction with a parasitic dinoflagellate stressing
their ailing host.
In a manner similar to that of the
monogeneans on the isopod from the fish
throat, a no t h er species ( Udonella
caligorum) often associates with copepods
(usually species of Caligus) on which it
attaches its eggs by filaments (Figure 138).
Unusual because it lacks hooks or anchors,
this monogenean can be common l y

Figure 137. Two small monogenean flukes
moving about near the attached parasitic
dlnoflagellate (Amyloodlnlum ocel/atum) on
the gills of a sheepshead. Either of these two
parasites could kill a captive fish if enough
individuals occur at one time.

other noncaptive hosts and since members
of the two fish families host no other
monogeneans, a long period of isolation is
suggested. Several other groups of monogeneans infest primarily members of certain
families, indicating strong evolutionary
trends.

Figure 138. Filamented eggs from a
monogenean fluke (Udonella callgorum) on
a copepod (Ca/Igus praetextus) on the sea
catfish. The segmented appearing structure
at the lower right is the copepod's egg sac.

observed on caligids from the gills and skin
of local sea catfish (hardhead catfish),
seatrout, and striped mullet (popeye
mullet). Apparently cosmopolitan, it infects
a wide range of hosts.
Monogeneans make good biological indicators (tags) because a single monogenean
species usually limits its infestations to a
single host species (see host-specificity in
glossary). Many fish can be identified on the
basis of their parasites! Evolu tionary
relationships among fishes can also be
suggested on the basis of these parasites.
Even though not accepted by all ichthyolo·
gists, diskfishes (remoras and shark suckers
which have their spinous dorsal fin
modified into a laminated disk-mechanism
allowing attachment of the fish to turtles,
sharks, rays, and large fish) seem to be dose·
ly related to the cobia (also called lemonfish,
ling, and a variety of other names). ~s
parasitic evidence for this relationship,
species of one family of monogeneans
(Dionchidae) infest exclusively the cobia
and diskfishes. Since dionchids infest no

Digenean Flukes
Digenean flukes exhibit considerably
more variety in their adaptations than
monogeneans and quite possibly more than
any other helminth group. Many different
groups of animals serve as intermediate
hosts for the larvae. In addition to fishes,
adult digeneans infect amphibians, reptiles,
birds, mammals, and occasionally crustaceans and molluscs. In fishes, most species
infect the alimentary tract, but a few encyst
in flesh, lodge in blood vessels, or occupy
other sites. More species in birds and
mammals than in fish es occupy spaces other
than the alimentary tract. Some of these are
the kidneys, air spaces, and the bile ducts.
Almost all digeneans u tilize a snail or
bivalve mollusc as a first intermediate h ost.
An earlier diagram (Figure 28) already
portrayed a complete cycle of a snail to crab
to raccoon pattern, and more cycles will be
discussed in this section. In general, asexua l
reproduction takes place in the mollusc.
This reproduction involves a few different
kinds of larvae. The larva from the egg infects the mollusc and produces a stage that
e1ther yields additional individuals of the
ide_ntical type which then produce freehvmg• larvae (cercariae) or another stage
which also produces the same kind of
free-living larvae. The rou te of infection and
k_md of larvae depend on the species considered · Cercanae
· o f some speCies
. crawl or
encySt in the host mollusc without leaving
it. Most, however, have long tails allowing
them to sw1m
· or to attract predators. Some
penetrate the·Ir h osts, some encyst external1 nd
~' a some are ingested directly. Often the
lime of da
.
'
tidal h Y, amount of hght, temperature,
rel P ase, or wa ter pressure controls
ease of th ese larvae. Once in or on their
~~oper) hoSt (or vegetation or s~me other
miJect ' the tai·1 , 1'f p resent, sheds and the
nute larva (
.
caps I
metacercana) forms a
st
u ar cy • with or without more cyst

Figures 139 and 140. The giant stomach
worm (Hlrudlnella ventrlcosa) from "bluewater" fishes. Top, contracted, preserved
specimens from wahoo. Bottom, more
elongated preserved specimens from little
tunny; living worms can extend further than
an opened hand. Note the two suckers. The
dark color represents breakdown products
of blood obtained from feeding on the host's
stomach.

layers added by the host. The metacercaria of
a few species develops with out cysts
(unencysted metacercaria), but examples of
thi s type represent ex ceptions. After
developing for an adequate period, the larva
can infect its fi nal h ost. Occasionally, it can
debilitate or alter its intermediate h ost in
such a manner that the final host has easier
access to individuals that are infected: some
infected amphipods turn reddish or pale,
making them more visible to final hosts,
some snails do not burrow as deeply as uninfected ones, and some fish cannot swim as
fast or as long as those without cysts. Those
species with out special means to alter the
intermediate host's behavior may have to
produce many more larvae in order to assure
that enough larvae will mature to complete
the cycle.
One trematode that fishermen who fish
for billfish and other pelagic fish should be
aware of is the giant stomach worm
(Hirudinella ventricosa). Fishermen may
know it because of its large size. Figure 139
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shows some preserved contracted ones
("walnut worms") from the stomach of a
wahoo, whereas those in Figure 140 from
little tunny ("bonita") exhibit less contraction. When alive, the fluke can elongate
much farther than shown. What appears to
be the same or a t least similar species infects
a variety of "bluewater" fishes. When in the
wahoo, usually only two individuals are
present. This common occurrence of two
worms in fish shorter than 160 cm has
allowed many a wagering fisherman to win
a six-pack of beer. One should use caution,
however, because tunas and other fish es do
not usually possess two per fish.
Most flukes have two suckers. A central
one primarily holds on, whereas an anterior
one operates in feeding, holding, and
moving. These suckers can be seen in the
photos and in most of the digenean illustrations in this guide. In addition to the

Figures 141 and 142. A sectioned digenean
(Crasslcutls archosargl) expressing its
ability to modify its tegument adjacent to the
host's (sheepshead) intestinal tissue so that
it expands, fills all available space, and
adheres firmly. Top, cross-section through
level of the fluke's testis. Bottom, especially
stained (periodic acid Schiff with diastase)
worm-tegument showing positive reaction.
Most digeneans attach to their host by their
ventral sucker.
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suckers, one species (Crassicutis archosargi)
from a sh eepshead can m odify its tegument
into an adhesive surface (Figures 141 a nd
142).

The line drawings of three species
(Figures 143 to 145) portray examples of
several features. T he one on the left
(Lecithaster leiostomi) comes from the
intestine of spot and a few other fishes. Unlike the related Hirudinella ventricosa
from billfish stomachs, it does not need a
thick skin (tegument) for protection from
stomach acid and from churning food
particles. Also, Lecithaster leiostomi seldom
reach es l mm in length. Most members of its
family (Hemiuridae) inhabit the stomach's
lumen, but other exceptions exist. In fact,
another small species (Saturnius maurepasi)
even dwells in the tissue under the lining of
the striped mullet's "gizzard" (pyloric
stomach). The middle worm (Glaucivermis
spinosus) is a little shorter and has a thinner
tegument than Lecithaster leiostomi, but
also infects the intestine (of the southern
kingfish). The worm on the right
(Neochasmus sogandaresi) is about twice
the size and infects the striped bass. It has
several relatives that infect a wide range of
freshwater and marine fishes. One relative
without the spines a bout the mouth
(Metadena spectanda) ranks among the
most common, but s·e ldom seen, animals in
the estuaries. For example, during February
of 1971 an average of 54.3 individuals infected each of 53% of the Atlantic croaker
examined near Ocean Springs tha t had the
worm (90% of the fish larger than 7 cm were
infected). Because croa ker during that
period comprised the most common fish
besides the bay anchovy and man y speci•
mens of the fluke infected most of them,
· t h a t fl uke sh ould be recognized as a
common constitutent of the a nimal
community. In fact, other fishes also host
the worm! During the past couple of years,
h owever, the population density of both the
croaker a nd digenean have decreased.
The three illustrated digen eans represent
different families, but all have small eggs
(about 30 µ,, or 0.030 mm, long). Several
other digenean groups have members with
eggs several times larger. As a general rule,
large eggs produce larvae (miracidia) that

Figures 143-145. Line drawings of three digeneans from fishes. Left, a hemiurid (Leclthaster
le(ostoml) from a ~p~t. Middle, a zoogonid (Glauclvermls splnosus) from a southern kingfish.
Rig~t'. a crypt~gon~m•d (Neochasmus sogandaresl) from a striped bass. These do not begin to
exhibit the variety m characteristics of digeneans. Note the ventral suckers the lobation of the
ovary (dark organ),_ lobati_on and follicles of yolk gland (lightly stippled organ'), and male terminal
organ (exists marginally m center worm).

leave the egg to sea rch out and penetrate the
mollusc, whereas small eggs usu ally have
to be ingested by a mollusc in order for the
enclosed larva to p arasitize the mollusc a nd
complete the cycle. Consequently, many
more small eggs have to be produced to result in final popula tions equivalent to those
producing large eggs. The normal goldentanned eggs give color to many otherwise
chalky or transparent live worms. Other
species, however, acquire carotenoids or
0ther p igments, giving their bodies yellowish, pinkish, or orange colors
M
.
.
ost fishes harbor digeneans and some
have several differen t species. Even though
many
show speo·£·1c1ty
· toward a single or
f
sew _hosts, they, as a group, exhibit less
pecih city than monogeneans.
. gadultd1geneans
.
r1sIn
h addit"10n to h arborm
es
also
ho
t
·
(
s a van ety of larval digeneans'
an_ietacercariae). Usually the small worms
/~ _encySted and cannot be seen wi thout a
nt1cal m ·
.
146) Ex 1cr_oscop1c examination (Figure
·
cepuons occu r when the host de-

Figure 146. Dorsal fin of Atlantic croaker with
encysted digenean specimens (a metacercaria) between finrays. If the croaker is
eaten by the proper predator, the larval fluke
will mature.

posits dark pigment around the cysts.
Fishermen know this condition as " black
spot" di sease, and se vera l nonrelated
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Figure 147. Black spot resulting from
pigmentation (melanization) around larval
cysts of a strigeoid fluke in the tidewater
silverside. A variety of freshwater and marine
parasites can cause black spot.

digeneans cause it. In the southern U .S.,
most cases of black spot result from strigeoid
infections. Most strigeoid species utilize a
freshwater snail and a fish-eating bird in the
cycle. The tidewater silverside from the
estuaries in Mississippi, however, a lso
possesses a strigeoid species. The one in the
photo ( Figure 14 7) came from the
Pascagoula estuary. One large easi ly
visible hemiurid (Stomachicola magnus)
encysts in the flesh and elsewh ere in a variety
of fish. The white (sand) seatrout often h as
many. If the curious finder pricks at this
b lack object in a fresh fillet, out will pop
a pinkish-colored worm.
Normally, chromatophores (Figure 148)
expand, spreading out their associated
melanin to give a fish a dark color.
Contraction produces a pale color. Other
chromatophores bear different pigments
for different colors. Most diseases in which
pigments are deposited, however, involve
melanin.
Less easy to see than the above hemiurid,
a small heterophyid (Phagicola longus) infects the flesh and viscera of mullets along
the Gulf and southeastern Atlantic states.
A diagram (Figure 149) shows the life cycle.
In addition to herons, a large number of
other birds and mammals, including man,
can probably act as final hosts. Although no
human infections have been confirmed,
many people throughout the world who
eat raw fish harbor zoonotic• species related
to this tiny worm. Most infections produce
symptoms hardly more serious than
diarrhea and mild irritation; however,
serious complications occasionally develop.
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Figure 148. Melanophores in the skin of a
fish. These are part of a complex system of
chromatophores which regulate colors and
color changes in fish. This piece of sectioned
tissue had an overabundance of pigment
surrounding a lesion.

Heterophyids have many similarities
with the microphallids already discussed
earlier as digeneans infecting the blue crab
and shrimp. Small species infect birds and
mammals, often in very large numbers. A
sample of 14 brown pelicans from Louisiana averaged about 12,000 specimens of
Phagicola longus per bird. Both digenean
families have a large number of species, and,
in both groups, the second intermediate host
is usually more specific than the final one.
Adult heterophyids appear very similar in
appearance to microphallids, but minor
differences in their genitalia and other
features set them apart. Differences in their
free-living larvae (cercariae) accentuate the
differences even more. From a more practical point of view, heterophyids use fishes
as second intermediate hosts and micro·
phallids use crustaceans.
The key silverside shown in Figures 150
and I 51 has damaged fin rays caused by an
encysted metacercaria (of an acanthostome).
One important fact concerning these in·
fections is that the fish is rare and considered
endangered. Found in a pond in the Florida
Keys, the fish has to contend with a parasite
in addition to man's encroaching develop·
ments. The final link in the cycle, either the
American crocodile or the American
alligator, also has status as an endangered
species.
Another group of digeneans or closely
related worms is the aspidogastrids. These
have a conspicuous ventral loculated holdfast organ and a life history lacking asexual
reproduction. Although prevalent in sorne
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f~Qte 149. A heterophyid fluke (Phaglcola longus) life cycle. This large family of flukes has adults
sha infect the intestine of birds and mammals and larvae that encyst in fishes. The encysted stage
own here infects predominantly mullet.
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Figures 150 and 151. Two specimens of the
key silverside infected with cysts of the
metacercaria of an acanthostome digenean.
Bottom, close-up view showing nature of
damage to caudal fin rays. Cysts also occur
elsewhere on these and other species of fish.
A crocodilian completes the cycle for the
parasite.

freshwater clams and turtles, aspidogastrids
include species that also infect marine
fishes. The most common Gulf species (Lobatostoma ringens) occurs in the intestine
of a variety of fishes, but if a person really
desires to obtain a specimen, he (used in the
antiquated sense to include also females)
will have the best chance by examining a
Florida pompano. Fish apparently acquire
the worm by feeding on coquina clams in
the surf, but it may be harbored by other
molluscs.
The most attractive aspidogastrid
(Multicalyx cristata) resides in the bile
ducts of large rays, sawfish, and other
elasmobranchs. Growing over IO cm long,
the narrow pale yellow body contrasts
sharply with a bright reddish holdfast
organ. The elasmobranchs may acquire
infections by feeding on bony fish with
juvenile worms (checkered puffer, southern
kingfish, and others) which in turn picked
up the worms from a mollusc. A preadult
specimen (Cotylogaster basiri) from the
rectum of the sheepshead illustrates an
aspidogastrid (Figure 152). An earlier study

Figure 152. A preadult aspidogastrid
(Cotylogaster baslrl) from the rectum of the
sheepshead. Presumably acquired from a
mollusc, this worm matures in a few fishes
including the sheepshead.

showed completion of one aspidogastrid
cycle utilizing a freshwater clam as the only
necessary host and the ability for turtles
feeding on the clam to maintain an infection; many biologists assumed that species
to be representative of the group. Actually,
a vertebrate appears to be necessary for
maturation of most species, including
Cotylogaster basiri and Lobatostoma
ringens, rather than just an adjunct host
helpful as a dispersing agent.

Roundworms
" Roundworm" is a common name for a
nematode. Not all nematodes parasitize
animals. Some infect plants and others Jive
free without hosts in water or soil. They
all have separate sexes, a digestive tract, a
tough cuticle (outer layer of worm), a nd
internal longitudinal muscles. The reason
for mentioning this last feature is that
nematodes, unlike earthworms, and cater·
pillars, move in a whiplike fashion. MoSt
other animals that are called "worms" hare
a layer of circular muscles that allow a
coordinated inchworm-type of locomotion-

Figures 153-155 . Some views of two adult roundworms from the intestine of fish. Left, anterior end
of camallanld (Splrocam~llanus crlcotus) showing spirally ribbed buccal capsule used for attachment to gut. T~e capsule 1s hard and golden-tan to orangish in life and followed by a long muscular
esophagus. ~1ddle, a n:iale tall ~f the same worm showing the winglike flaps (caudal alae) with
sensory papillae used in grasping the female during mating. Right, anterior end of ascaridold
(Thynnascarls lnqules) from a cobia. Attachment by this worm is achieved by the three large lips.
The distinct ringed cuticle is not as dominant in related species.

The size and arrangement of the longitudinal body musculature in nematodes
dictates the type of slashing movement it
will have. Before reading this guide, a reader
may have never thought about parasitic
nematodes, even though he may have
pondered "vinegar eels" (Turbatrix aceti)
thrashing about in plant juices or vinegar.
Those small free-living worms had been
incorrectly credited in the past with the
acetic properties of vinegar.
~arasitic nematodes occupy a wider
vanety of habitats than most worms in fish.
The adult forms in fishes occur mostly
along the alimentary tract, whereas most
larval forms inhabit the mesentery. These
larvae usua lly have thin cysts encapsulating
them. One family of nematodes worth
mentioning
for Its
· unusua1 locations
.
. the
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A few intestinal worms also deposit larvae rather than eggs. An especially notable
one also has a reddish color. It was mentioned earlier as a nematode larva in penaeid
shrimp. This camallanid (Spirocamallanus
cricotus, Figures 153 and 154) infects the
intestine of at least 13 different estuarine
and nearshore fishes. When an intestine of a
fish is swollen, filled with liquid, or partially transparent, these relatively large
worms (up to 3.2 cm long) can be seen
wiggling within the uncut gut. The reddish
worm's activity, especially when several
occur together, readily distinguishes it from
any food contents.
Why is Spirocamallanus cricotus red?
Many worms, and other animals including
the beautiful flamingo acquire their reddish
color from components in their diets
(mostly carotenoids). Such is not the case for
Spirocamallanus cricotus and some other
reddish nematodes.Unlike most nematodes,
these worms have hemoglobin• just like
man and fishes. Properties of the hemoglobins from Spirocamallanus cricotus,
however, differ some from those of its
Atlantic croaker host. The worm attaches to
the gut wall with its golden colored,
spiralled, scleritized• buccal capsule (Figure
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153) and feeds on host blood. The worm
quickly digests the host blood, and a possibility exists that its components help to
form the worm's own h emoglobin.
Strangel y th ough, properties of this
hemoglobin in males differ from those in
female worms.
Fish can acquire infections of this reddish
colored nematode by feeding on copepod
intermediate hosts. T he penaeid shrimps
also act as intermediate hosts and quite
possibly as paratenic (transfer) hosts.
I have seen worms in the common small
squid (Lolliguncula brevis), and other
animals may also serve as paratenic hosts. A
paratenic, or transfer, host is one in which
no developmen t to the next stage occurs, and
paratenic hosts have and will be discussed
again under o ther section s. This type host
should not be confused with a reservoir
host• in which any stage could occur.
Spirocamallanus cricotus takes several
months to mature and can live in a fish for
longer than a year. Since individuals grow
relatively slowly, they probably do not
cause excessive mortalities in juvenile fish.
Several specimens crowded into one fish
might cause disease, and related species have
killed their hosts. The ripe female of one of
these (Camallanus oxycephalus) sticks its
reddish body out the anus of a striped bass or
other of its hosts. These can be commonly
seen in estuarine bayous and freshwater
habitats of both Mississippi and Louisiana.
When fu lly gravid, the protruded female
ruptures explosively and releases her larvae.
Copepods serve as the intermediate host,
and small fishes serve as paratenic ones.
Different groups of nematodes attach to
their host using different anterior structures.
Philometrids do not develop a very elaborate
anterior end because they embed in tissue.
The camallanids have scleritized bivalveshaped or barrel-shaped buccal capsules,
and adult ascaridoids possess three strong
lips.
Common ascaridoids from local Gulf
fishes include members of the genus
Thynnascaris. Figure 155 shows the powerful lips of a species (Thynnascaris inquies)
from the stomach and pyloric caeca of the
cobia (lemonfish). Actua ll y, the conspicuously-ringed cuticle constitutes an
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atypical feature for members of that genus,
but not for members of a related genus.
Thynnascaris inquies, often present in the
hundreds in a large cobia, occasionally
causes ulcerated lesions at sites where several
individuals attach clustered together.
Other ascaridoids occur in the northern
G ulf, and one (Thynnascaris reliquens) is
occasionally common in inshore fishes.
This worm, up to 13 cm long, may a lso
occur in the hundreds in the intestine and
elsewhere along the alimentary tract of
sheepshead and a few other hosts. In several
other hosts, however, only few specimens
occur. When a host has been caught and
landed or o therwise placed under severe
stress, the worms vacate the host, leaving
through the mouth, g ill cavities, and
anus, hence the Latin name reliquens referring to the abandonment. Additional
species in marlin and other billfish also
leave in mass. Such an activity, disgusting as
it may appear, should have no bearing on
whether a person eats the fish. Even though
some species may be harmful to man, the
escaping stage is easily visible, it is an adult,
the worms are discarded when removing viscera, and their eggs need several days before
becoming infective and then not to people.
Nevertheless, cooking the fish alleviates a ny
potential threat. More information on
public health aspects occurs below.
Something should be said about the sex
life of nematodes, since reproduction accounts for most of their expended energy.
The figured copulating pair shows the
curled tail of the male wrapped about the
female, the inserted right spicule, a nd a

Figure 156. A male nematode (Thynnascarls
re/lquens) mating with the female. A mucoid
band girdles the female immediately
posterior to her genital opening.
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mucoid band about the female (Figure 156).
The male's tail in this worm and all other
nematodes has some type of a modification
to cup or clasp the female. It is usually
lined ventrally with a specific pattern of
sensory papillae (see Figure 154 of the male
tail of Spirocamallanus cricotus). Once
properly aligned, the inserted spicule or
spicules allow passage of sperm to fertilize
the ova. The position of the female opening
and other aspects of both the female and
male reproductive systems vary considerably
among different groups of worms and comprise important taxonomic characters.
While still concerned with ascaridoids
and their biology, I will discuss general life
cycles of species of three different genera.
Mammals (porpoise), birds (pelican), and
fishes (Atlantic croaker) act as hosts for
members of Anisakis, Contracaecum, and
Thynnascaris, respectively, as exemplified
in Figure 157. Actually, several species exist
in each of these three and related genera of
parasites, and most probably have similar
cycles. The major difference among the
three relates to the members' infecting a
mammal, a bird, or a fish, respectively, as
their definitive hosts. Eggs are released with
feces from the host. Usually an egg develops
in a few days, and a small larva is released. If
a proper crustacean feeds on the wiggling
little larva, the worm develops into a stage
infective for the final host. Alternatively, if
an appropriate fish feeds on the freeswimming larva of some species, the worm
can develop without the copepod. On the
other hand, some copepods do not promote
development in _the worm, but still allow a
fish to acquire the larva by feeding on them.
Whether infective as a free larva or within
a crustacean, some species can complete the
cycle to maturity by utilizing a fish
intermediate. Although usually not highly
host-specific, an ascaridoid will not infect
nor develop in all fishes. In order to assure
completion of cycles, however, many fishes
and invertebrates can act as paratenic hosts.
As discussed earlier, they acquire infective
larvae by feeding on other hosts with the
same stage larva. No development takes
place in the n ew host, but accumulation and
transference assure a greater supply of infective larvae in the entire habitat. Once an
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intermediate or paratenic host is eaten by the
proper definitive host, the worm matures in
the alimentary tract and deposits eggs to
start another cycle.
Larval species of A nisakis and other
genera infective to marine mammals act as
potential threats to public health and the
primary cause of marine nematode
zoonoses•. Even though species belonging
in genera that normally infect nonmammalian hosts may infect man, they are
not as large and most are harmless. At least
one species of Thynnascaris from both
fishes and invertebrates can infect laboratory mice, and it was discussed earlier as a
shr imp parasite. Fortunate.l y, few
mammalian-type larvae occur in the inshore
coastal regions.
Less dangerous to man, but nevertheless
discomforting to fishermen, are large
species of larval Contracaecum. T hese
cream-colored to yellowish to reddish
worms coil up or occur straight, either free
or encysted in their hosts. T he species in
different mullets (Contracaecum "robustum") most often infects their kidneys and
liver. A related species in the redfish and a
few other hosts infects the same sites, but
also commonly resides in the mesentery. Because an individual of both species can
extend over 2 cm when uncoiled and the
worms heavily infect some fish, they constitute a logical cause for unnecessary worry.
The tested worms have not infected experimental mammals, are usually discarded
normally when cleaning fish, can be easily
avoided. and are killed with heat.
Past history, including the great depression of the l930's did much to influence the
likes a nd dislikes of eating mullet on the
Gulf Coast. Since smoked mullet was a primary protein source for many years, many
people still prepare mullet in this and a variety of other ways. For this same reason,
many people would be happy never to see
another mullet or can of Spam. Actually, in
the l800's many inland farmers made an·
nual fall trecks to the Florida coast to catch
and salt large quantities of mullet to last
through the year. Before that, Indians made
similar annual trips to catch, salt, and
smoke the fish. If fresh mullet is cleaned
immediately, I recommend it highly.
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Figures 158-160. Skinned mink with the giant kidney worm (Dloctophyma rena/e). Left, greatly enlarged right kidney with enclosed nematodes. Middle, same kidney cut open to expose worms. One
worm exhibits a post-mortem deflated condition and an extruded uterus filled with eggs. Note the
bony spicules supporting the empty kidney capsule. Right, seven worms all removed from the body
cavity of the single adjacent mink. Note the externally affected, but not infected, right kidney.
According to the trapper, this mink was a healthy-appearing, active individual.

Herbivorous (plant eating) fish like mullet,
just as their herbivorous terrestrial counterparts deer and cattle, quickly decrease in
quality if not immediately eviscerated.
Larval ascaridoids, although usually not
harmful to adu lt fish, can kill juveniles
because of their relatively large size in
comparison with that of the small fish's
vital organs. This danger exists in the
natural environment because many small
fishes feed on infected copepods. Consequently, the possibility for fish fry to get
infected may depend on whether copepods
harbor appropriate worms at a time when
and a place where fry are present.
Many other groups of nematodes use
fishes as intermediate or paratenic hosts.
Members of most of these are small and
necessitate critical examination to find and
to identify. One conspicuous exception is
the dioctophymatids. These large red worms
can be fou nd taking up most of the space in
a killifish's or some other small fish's
body cavity.
The giant kidney worm (Dioctophyma
renale) in mink (Figures 158 to 160) and
other mam mals represents a well-known
member of the group because it can reach
over a meter long in an appropriate host.
Once ingested, a few specimens enter the

host's right kidney and totally devour all
the internal cellular material, often leaving
only the kidney's capsular wall reinforced
by some freshly-deposited bony spicules. Infections probably occur primarily in the
right kidney because the p lacement of the
duodenum and Iiver allows direct migration
of the larva. Occasionally an adult infects
the body cavity, perhaps because th e migrating larva did not have direct access to the
kidney. In any event, the large reddish
colored worm is destructive, as can be seen
by the photographs of two minks, one with
an infected right kidney (Figures 158 and
159) and the other with worms removed
from the body cavity (Figure 160).
The life cycle of Dioctophyma renale is
rather straightforward (Figure 161 ), but
described improperly in many textbooks.
Eggs exit in host urine and embryonate.
Specific aquatic oligochaetes ingest eggs
with the developed larva; this larva develops
further in the worm's ventral blood vessel.
Since mustelids, canines, and other carnivores seldom feed on small oligochaetes,
most of these mammals depend on paratenic
hosts for their infections. Some small fish
feeding on the oligochaetes acquire the larva
and even support considerable growth, but
not maturation, of the worm. The nematode
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Eustrongyloids penetrate out of the flesh
of dead infected paratenic hosts. Striped
bass maintained in a pond at GCRL as well
as mosquitofish, killifish, and tadpoles all
had worms escaping after a large scale
mortality in the pond. Whether the worms
had any influence on the mortalities was
not established, but investigating the relationship would be a good problem.
Striped bass held in aquaria a nd fed
gambusia acquired larval Eustrongyloides
sp., whereas others no t fed fish did not,
suggesting the ability of -the worm to be
maintained by a series of paratenic hosts.
Larval eu strongyloids have been implicated in deaths of heron s and egrets. Actually,
when a variety of birds feed heavily on infected fish, death can follow. Numerous
red-breasted mergansers in Virginia died a
day or so following engorgement on infected mosquitofish a nd silversides trapped beneath a thin sheet of ice on a brackish pond.
Migrating worms reduced the birds' liver,
proventriculus, and air sacs to a bloody
pulp.

@

Figure 161. Life cycle of giant kidney worm (Dloctophyma rena/e) of carnivores. A mink or other
carnivore ac_quires_an infection by eating any of several, minute, aquatic, free-living worms or more
of~en by eating a fish that has eaten one of those worms. Once in the mammal, the worm typically
migrates to the right kidney. It penetrates into that organ and devours all the tissue, growing to
over a meter long, if the animal has a large enough kidney. Eggs are deposited with urine and after a
short developmental period are infective to the aquatic worm.

can grow many times longer than the
oligochaete once in a fish.
Even though primarily a freshwa ter
disease, I have seen several wormy mink that
had been trapped from estuarine marshes
in Louisiana, including those photographed.
Mos t large reddish-colored worms
encountered in both fresh a nd estuarine
fishes, however, are not the kidney worm,
but close relatives (Eustrongyloides spp.).

Eustrongyloids appear similar except the fema le has h er genital opening in the
posterior end rather than anteriorly. Adults
infect the intestine, stomach, or proventriculus of h erons and some other water
birds. In a few birds, they embed in the
stomach wall, partly degenerate, and produce an abundance of eggs. In others, they
inhabit the intestine without apparent harm
to the h ost. T he life cycle is the same as that
for the kidney worm.

Thorny-headed Worms
Acanthocephalans, or thorn y -h ead ed
worms, are a ll parasitic, even though living
worms presumably shed from fish do occur
in benthic samples. They look superficially
like roundworms. Actually, they have no
gut, they have a protrusible proboscis with
hooks, and their reproductive and most
other systems differ considerably from those
of roundworms. They, like roundworms,
have separate sexes.
Several different sp ecies occur in local
fishes. T he sheepshead minnow hosts one
( A tactorhynchus verecundum) and the ·
cobia (= lemonfish) hosts another
(Serrasentis sagittifer). In order to see the
first species, a microscope· is necessary, but
the latter species sta nds out conspicuously
when one cuts into the intestine a nd pyloric
caeca of a cobia because it frequently grows
l?nger (bu t substantially narrower) than a
fmger. Many other species occur commonly,
even in the fresh-brackish water interface
where one (Leptorhynchoides thecatum) infects most members of the sunfish family as
well as a variety of marine intruders. An

Figure 162. Proboscises of juveniles of two
related thorny-headed worms (acanthocephalans). Large one on left is Tegorhynchus furcatus that commonly infects the
southern kingfish, and the smaller one is
Dollfusentls chandler/
that commonly
infects the Atlantic croaker. Even though
both can be transmitted by amphipods from
near high salinity beaches, Dollfusentls
chandler/ usually infects estuarine hosts
that feed on amphipods from low salinity
habitats.

orange-colored species (Pomphorh ynchus
bulbocolli) may make a stronger impression
on an observer from this low salinity-fresh water habitat because its bulbous proboscis
p ermanently embeds in the gut of the
bowfin (= mudfish, Amia calva) a nd a few
other fishes.
As an extremely common estuarine
example, Dollfusentis chandleri portrays a
characteristic thorny-head (Figure 162).
This species infects the rectum of the
Atlantic croaker, spot, and a variety of other
fishes. It is quite similar to a la rger species
(Tegorhynchus furcatus, Figure 162) which
embeds in the intestine of the southern
kingfish (= ground mullet, Menticirrhus
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Figure 163. Typical example of a nearly
mature acanthocephalan egg. The shell of
most species looks like a diatom and thus a
source of food for the arthropod intermediate host. The nearly infective acanthor
can be seen inside the shell.

americanus) a nd a few other fishes. In both
cases, man y individu als can infect a sing le
ho st. Indeed , over 450 specimen s o f
Dollfusentis chandleri crowded into the
rectum of a relatively small (as long as a
hand) Atlantic croaker without a ny apparent ha rm to the host.
Life cycles show one basic pattern,
w hether for species infecting fish es or other
vertebrates. Developed eggs are sorted and
shed by the female worm; they leave the host
w ith its feces. Aquatic ones look similar to
a d iatom (Figure 163) and consequently
simulate a food source for arthropod
intermediate hosts. After being eaten by the
proper arthropod, th e larva (acanthor)
form s a nother stage (acanthella) which
gradua lly develops into an infective juvenile. Finally, the arth ropod with the worm
is eaten by and the worm infects the proper
vertebrate h ost. In the case of acanthocepha la ns from fi shes, most either use a n
ostracod or an amphipod host, but few u se
copepods, isopods, a nd other hosts. Since
the cobia and many other host-fish do not
feed on such small crustacean s, the reader
may wonder how the cycle is completed.
Once again, the pa ra tenic h ost becomes a vital link in those cycles. Consequently, some
biologists call the host a transfer host.
Fish usua lly fill this role and, in the case of
Serrasentis sagittifer which ma tures in the
cobia, the Atlantic croaker, inshore lizardfish, lane snapper, a nd other fishes fu n ction
as the transfer h osts by harboring juveniles
(cystacanths) in their mesenteries.

Dollfusentis chandleri (Figure 164) does
not n eed a transfer host in its life cycle becau se its definitive hosts eat amphipods. A
few unrela ted amphipods from ha bita ts
ranging from nearly-fresh to full-strength
seawa ter can host it (reported from L epidactylus sp., Grandidierella bonnieroides,
and Corophium lacustre). Up to three
cystacanths, each folded over on itself and
longer tha n the amphipod, can inhabit the
same host (at least for the closely-related
T egorhynchus furcatus in Lepidactylus
sp.). Tegorhynchus furcatus appears to
cause a n increase in the host's size; evidence
suggests infections may even make the affected amphipod a more accessible item of
prey.
Most croaker usua lly acquire Dollfusentis
chandleri in low salinity bayous about early
summer. T he worms can remain in this
principal final host for over a year, but
females u sua lly restrict egg-production to a
short period sometime in or near summer.
Unlike many acanthocephalan species,
males a nd females remain in equal
numbers. Many species of both acanthocephalans and nematodes undergo a loss of
males following fertilization, but this
acanthocepha lan acts as an exception.

Crustaceans
Crustacean pa rasites from fishes evoke
more interest than most parasites because
they are readily visible and sh ow such a wide
variation in a ppearance. Isopods can be
extremely la rge a nd fierce-looking, whereas
copepods come in all sizes and shapes. Both
groups have large numbers of nonparasitic
rela tives. T he parasitic on es have evolved
severa l features to assure their livelihood.
Some have evolved to the point where, without examining la rvae and mouthparts, one
could hardl y classify them as crustacean s.
Crustacean s have a protective, external,
nonliving cuticle which sheds during maturation. This m o ltin g process was
described earlier in conjunction with crab
symbionts. Most parasitic crustaceans also
possess a variety of appendages the same as
nonparasitic ones (see figure 48 of a brown
shrimp).
.
Structures of the isopod ( Lironeca ovalis)
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=~~ure ~6~. Life cycle of acanthocep~alan (Dollfusentls chandler/). Male and female worms live
f d_ma e '" the rectum of the Atlantic croaker and other fishes. Specific amphipod crustaceans
ee mg on deposited eggs acquire a stage that ultimately produces a juvenile worm Croaker be
~~~e infected from eating these amphipods; however, some other acanthocephalans utiliz~
g~ e~ent arthropods as hosts, and some use additional transfer hosts to bridge the apparent
P etween an arthropod and a predator that feeds on relatively large prey.

mo st commonly observed on the gills of-a
variety of fishes have been modified much
less than those on the bopyrid discussed
earlier from u nder a grass shrimp's cara~~ce (see Figures 82 and 83 ). Effective claws,
wever, do hold that asymmetrically
~a_rasi_te to the gills or adjacent
th r 7s O Its fish-host. Oftentimes, most of
e 1 amen ts from several gills erode away
n
a ct secondary infections ensue (see dis-

:~{oed

cussion on bacteria and lymphocystis).
When one isopod infests each side of a host,
the debili tation must be con siderable. Three
views (Figures 165 to 167) illustrate a sheep sh ead with two such unwanted."passengers. "
Some other isopods display themselves
more conspicuously when a host dies.
Occasionally a large percentage of a stock
of Gulf menhaden (pogy) will have a large
species (Olencira praegustator) attach ed to
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Figure 168. An isopod (Nlroclla acumlnata)
attached to the dorsal fin of the sea catfish.
The same isopod commonly infests the tail
and also the fins of a few other fishes.

Figures 165-167. Three views of a young
sheepshead with an isopod (Llroneca ova/ls)
in each gill chamber. Top, side view. Middle,
top view showing bulge. Bottom, ventral
(underside) view showing protrusion .
Normally, the opercula do not protrude from
body.

the roof of the mouth. Actually, that is the
female; smaller males and juveniles feed on
the gills, but can occur in the mouth. All
these come crawling out on the deck or sorting tray of a fishing boat as the fish die.
Some evidence suggests tha t ma ny infested
or otherwise injured menhaden cannot
function with their n ormal sch ool and
therefore recuperate by swimming with
slower younger schools or remain n ear shore
during summer and fall.
The isopods situa ted in the oral cavities
of pigfish and southern kingfish take more
effort to find than simply opening the
mouth as in menhaden and some other
fishes.

Ex ternall y- located species gain the
a ttention of divers in clear tropical waters.
An infested sergeant major in Pa nama or a
squirrelfish in the Virgin Islands stand out
obviously. Actua lly, a striped sp ecies
(Nirocila acuminata), common on sea
catfish a nd remoras, is just as conspicuous
(Figure 168) in the northern G ulf. Apparen tly these may stay attach ed for long
periods because a small fish h as a small
isopod and a large fish has a large one. A
species (Anilocra acuta) on the spotted gar
either debilitates that host considerably or
selectively infests an already weakened fish.
Sick fish with exten sive lesions associated
with the isopod, . especially on or near
the bases of their fins, can be picked out of
the water with bare hands or a dip net.
The life cycle for most of these isopods has
not been investigated. Whereas a few species
may not utilize an intermediate host, most
do, and different species of fishes apparently
act as those hosts for several species. In the
Bahamas, nearly 100 tiny immature isopods
can be seen crawling a bout on the skin of a
moderate-sized grouper. Intermediate hosts
for most species harbor fewer larvae. Pre·
sumably these larvae do not mature until
attaching to the n ext proper host. In the
Gulf, the immature form called Aegathoa
oculata probably represents several different
isopod species. Usually just one or two of
these large individuals infest a single hos_t.
Copepods evoke curiosity because of their
range of modifications. Indeed , two evolu·
tionary lines of n onrelated copepods have
counterparts that su perficially resemble
each o ther. T h ese lines range from looking

Figure 169. Adult caligid copepod from gills
of sheepshead. The view shows the underside (ventral aspect) with the egg sacs
trailing posteriorly.

nearly like free-living copepods to looking
like blobs.
A large number of copepod species infests
fishes in the northern G ulf, but only a few
will be mentioned. Easy to see on the skin of
the southern flounder, sea catfish, a nd a
variety of other fishes including the Atlantic
croaker, a transparent copepod (Caligus
praetextus) presents a common example of a
non-permanently a ttached copepod. T he
copepod scampers abou t actively in large
numbers when the host is pulled out of the
water. Sharks have other copepods (pan darids) which can be spotted because of their
brownish cast against the greyish-colored
hosts. T hese copepods also have little
corrugated padlike objects on their limbs.
1:"he mature fem ales of the caligids, pandan d~, and most other copepods can be
quickly separated from the males because
th~ females have long posterior egg sacs
(Figure 169).
Members of another family of copepods
(ergasilids) look like free-living species
except the a ntenna of the female is modified
;;~o a powerful preh ensile grasping orga n
igure 170). The antennule remains as a
sensory structure. T hese small female paraSites, without their mates, can be seen

Figure 170. Modified antenna of female
Ergasllus sp. used for clinging to the gills
of its host. A variety of species infests
estuarine Gulf species.

clinging by their pair of a ntennae to the
gills of many Gulf fi shes as well as freshwater species. Mullet and killifish both act
as prime hosts for observing specimens.
Since the mullet is larger, hu ndreds of th e
white specks binding to th e bright red gills
presents a conspicuous spectacle. They can
damage their hosts by digesting and rasping
mucus and tissue from the gills. Pondreared hosts appear more vulnera ble to
mortalities; striped mullet in their normal
habitat often have most of their gills
covered wi thou t showing a ny obvious
ill effects. Possibly fewer secondary infections occu r in wild fish than in pondreared individuals. E rgasi lid cop epods
probably a ttach to other species of copepods
as interm edia te hosts.
A common species (L ernaeenicus
radiatus) that looks nothing like those mentioned above infests a wide variety of local
fishes. Its anterior end extends into the
host's flesh so tha t its head, which forms
antler-like appendages, can cling around a
vertebra or some other structure adjacent to
a rich blood supply. Blood appears to be a
primary food source. The head structure
varies according to wh ere an d h ow it
attaches. Without carefully removing this
internal portion, a con fi rmed identification
is impossible. An observer still clearly sees
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Lhe long neck, body proper, and egg slrings
which change in color from transparenl lo
reddish-brown as lhe larvae (nauplei)
develop. Red blood from lhe h osl can also
be observed flowing back and fo rth wilhin
the external body.
During specific years, the G ulf menh aden
h as heavy infestations of Lernaeenicus
radiatus, whereas in other years, one or more
species o f anchovy show up heavily infested.
During mosl years, a few croaker, seatrout,
ki llifish , gobies and others may turn u p
with an embedded worm or two. In the case
of Lernaeenicus radiatus, the rock seabass,
primarily in high salinity water, ha rbors the
larval stage (chalim us) attached a nd free on
its g ills; thus the a bundance of the seabass
governs the u ltimate number o f adult infestalions in other fishes. O bviously, lh e
adult parasites can kill their hosts if vi tal
organs are disturbed or if too many
individuals infect a host.
In addition to being a ble to h arm the host,
Lernaeenicus radiatus is itself vulnerable
to undesirable symbionts. Figure 171 shows
a h ydroid attached to and presumably
killing one of two individuals.
A few related copepods occur o n mackerel
and other fishes. Examples from other geographic regions are also well known. One
from a whale grows a bo ut 60 cm (2 feet)
long, a nd Eskimos feed on another from the
gills of the Allantic cod that has a bodyproper a bout 5 cm (2 inches) across.
T he Florida pompano acls as a n intermediate h ost for an unidentified chalimus
(Figures 172 and 173). Note the frontal

Figure 171. Two specimens of a copepod
(Lernaeenlcus radlatus) embedded in the
bay anchovy. The anterior individual,
however, has been totally encrusted with a
hydroid.
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the colored dots are an argulid (A rgulus
fuscus), occasionally numbering up to a
dozen per fish and involving about 10 to 30%
of the pompano and Gulf kingfish among
the breakers along the Mississippi barrier
islands and northwestern Florida beaches.
Some species show more host specificity
than oth ers. An exceptionally large species
(Argulus funduli) infests the relatively small
killifish, a smaller one (Argulus lepidostei)
occurs in large numbers on the spotled gar,
another small one (Argulus flavescens )
commonly infests the southern flounder and
several other fishes, and several other species
also infest local fishes.

MISCELLANEOUS HOSTS
The American Alligator

Figures 172 and 173. Larval copepod
(chalimus stage) on tip of Florida pompano's
fin. Top, entire view. Bottom, close-up of
frontal filament that attaches copepod to
host.

filament of the copepod attached to the fin
of its host. Fertilization often takes p lace at
this stage wh en a male breaks the filament
and finds a female. T he female will then
break away and it or both male a nd female
infest the gills or flesh of the proper
definitive host. When a chalimus infests a
larval or juvenile fish , as it occasionally
does, it probably ma kes the host more
vulnerable to predation.
Many o ther weird-looking copepods can
be seen on local fishes. Look at the gills of a
redfish or black drum for the experience of
trying to decipher what kind of organism is
present. (It may be Lernanthropus longipes.)
.
Parasitic copepods constitute an important dietary source for some "pa~asite
pickers." A variety of fish es a nd shnmps
have evolved behaviors allowing them to
feed on monogeneans, crustaceans, dead
tissue, a nd other items that cou ld poLen·
tially aggravate the h ost if not removed.
Some of these pickers feed exclusively on
parasites, whereas others do not. MoSt
popula rized p ickers display bright col~rs
and inhabit tropical reefs; however, juvenile
sea catfish and some cyprinodontid fishes
appear to pick materia l off local fishes. Also,

Figure 174. Argulids such as the one shown
here have acquired the common name "fish
lice." They are not copepods. Note the two
compound eyes and cuplike suckers
modified from mouthparts. Eggs are laid In
strings rather than carried like copepods,
and argulids can damage their hosts.

some diskfishes eat parasitic copepods off
their primarily pelagic hosts.
Another external crustacean thal appears
superficially like a caligid copepod, but
belongs to the Branchiura group, often goes
by the name argulid or "fish louse" (Figure
174). In the typical argulid figured, note the
compound eyes and the modified mouthparts forming two disks. T his attractive
liltle disk loses most of its intrigue when it
reproduces in an aquarium. Females lay
eggs on a hard substratum and development
of young ensues without intermediate hosts.
Quickly, the piercing stylet, or "sting,"
and _proboscis of these active young
symb1onts can overpower aquarium fishes
0
.
'
ccas_1onally producing an ulcerated depr~s1on where the argulid can reside.
F ~en snorkeling among a school of
londa pompano, a diver might think his
~Yes are playing tricks on him. Are small
~ownish specks moving about on the sides
0
some of the fish? They are real! Actually,

The establishment of an alligator season
in Louisiana made several large parasites
more accessible to hunters and other
interested people. If interested, one could
probably see four ascaridoid nematode
species in the stomach, a variety of
digeneans from several families in the
intestine, a pen tastome (Sebekia
oxycephala) in the lungs and liver, and a
large leech (Placobdella multilineata) on
the skin and in the mouth. The leech acts as
an especially good indicator that the
infested gator was from or had recen tly
resided in freshwater. Actually, most of the
gator's parasites are acquired in freshwater,
but some come from brackish water (e.g. , the
acanthostome digeneans). All the major
groupings have been discussed previously
except the pentastome, . or tongue-worm,
which belongs in a separate phylum.
Pentastomes have arthropod-like nymph
larvae. Adults possess four powerful
anterior hooks (Figures 175 and 176) used
for embedding their mouth region into host
tissues. They feed on tissue-fluids and blood
cells. The nymph of the alligator species
(Sebekia oxycephala) infects a variety of
fishes. Even though not parasitic to man, its
relative from rattlesnake lungs has a nymph
that can infect mice, and that n ymph could
potentially infect man.
Pentastomes typically infect the lungs of
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Figure 177. A mating pair of feather mites
from a royal tern. Some species cause their
hosts to deplume themselves.

Figures 175 and 176. A pentastome (Sebek/a
oxycepha/a) from the lungs and liver of th~
American alligator. Forming a group of their
own, pentastomes produce young nymphs
that infect an intermediate host. The one
from the alligator develops in a fish. Most
pentastomes mature in the lungs of reptil~s.
Top, anterior side view. Bottom, anterior
frontal view of a chemically cleared
specimen.

reptiles. An exception (Reighardia sternae)
infects the air sacs and body cavity of local
gulls and terns. This bloodfeeder may
bypass an intermediate host and infect the
bird d irectly.
Birds
As the reader may suspect, birds harbor
many members of the same groups of
parasites as do the other mentioned hosts. I
noted above that the air sacs are a site for
pentastomes. Several nematodes and
digeneans also infect these sacs, but other
species additionally infect a number of sites
not present or seldom infected in fishes,

Figure 178. Feather louse on breast feath_er
of clapper rail. Lice are generally quite
specific to their bird hosts and thos~ from
marine birds do not cause human disease.

including the conjunctiva! sac of the eye,
bursa of Fabricii, and kidney.
Shore, marsh, and marine birds host a
variety of parasites that do not infect fish;
most of these are arthropods: nasal mites,
feather mites (Figure 177), hypopial mites
from subcutaneous tissues, lice (Figure 178),
and others. Fleas and ticks seldom infest
aquatic birds.
Just the thought of lice and ot~er
arthropods crawling over a person handhng
an injured or dead bird may cause itchiness.
Actually, even the bird-handler who frequently contacts birds seldom receives a rash

from handling aquatic or marsh birds. A few
arthropods on non-aquatic birds do cause
rashes. The tropical fowl mite (Ornithonyssus bursa) from the English sparrow
occasionally bites man, causing a rash
(dermatitis). That mite, however, cannot
live longer than 10 days without the sparrow
or a few other domestic fowl which can host
it. Chiggers, or "red bugs," also cause irritation, but seldom infest aquatic hosts.
Searching for avian arthropods can be
fun. Try looking for eggs of feather lice
attached to the feathers. The female of these
biting lice usually lays her eggs in rows on
fligh t feathers safe from regions reachable
by the bird's bill. After 3 or 4 days of development, the nymph molts and undergoes
growth for about a month at which time the
adult emerges. Some species feed directly on
feathers whereas others puncture the quill
to take blood and central pulp.
Lice reveal much about a host. If many
individuals infest a bird, it is probably so
weak that it cannot keep them in check by
preening. The lice then can irritate and
weaken the bird further. The number of
individuals on a healthy host seldom varies
throughout the year like it does for many
worms. Often several species of lice infest a
single bird. The color of these usually varies
directly with the color of host; dark colored
lice infest dark colored hosts and so forth.
The reason for so many species of lice has
been thought to reflect evolution of the
group spreading to a variety of unutilized
ecological niches• during the period when
birds first evolved. Apparently, ancestral
lice lived in trees and later started eating
tissue-debris on reptiles. As feathers evolved
from the scales of reptiles, more habitats
became available for rapid speciation of
these lice. Some later spread to mammals.
Lice also seem to indicate evolutionary
patterns of their hosts. Birds evolved
rapidly, so rapidly that few traces of the
Primitive arrangements of bones and
muscles remain, and few fossils exist for
birds during this period when the fundamental changes occurred. The fragile nature
of the bones of birds is not conducive to
fossilizat
·
s·mce so many hce
· speoes
•
.
100.
1nfest b'1rd s and since they show consider-

able specificity toward a single species or
group of birds, one can speculate with some
assurance that both birds and their lice have
often evolved together. Since little about
bird evolution can be deduced positively
from modern evidence, that evidence
provided by parasites becomes especially
important. Evolution of lice should parallel
and reflect that of birds. As an example,
flamingos have been placed with storks and
herons. Some species of feather lice on
flamingos, however, have relatives that
occur elsewhere only on swans, geese, and
ducks. Lice on storks and herons show no
relationship to any of the lice on the other
indicated birds. Apparently the ancestors of
the duck-lice were present before a common
ancestor gave rise to flaming9s and modern
ducks. Thus, maybe flamingos should be
placed more closely with ducks than with
herons!
Some biting lice also seriously harm their
hosts. Juveniles of the white pelican and
double-crested cormorants in their rookeries
may be killed by a species (Piagetiella
peralis) that heavily infests the oral cavity.
Attached to the tissue of the pouch and roof
of the cavity, over 500 of these 3 to 6 mm
long, transversely-striped lice can cover
most of the mouth's available space.
Additional immature forms occur elsewhere
on the body surface. Young white ibis in
rookeries also host a troublesome biting
louse . Secondary bacteria·) infections
(Staphylococcus sp.) often accompany the
louse infestation, and an infected young
bird looks as if it has mange. The hostparasite balance between young of nesting
aquatic birds and their arthropod symbionts
needs further investigation.
A final comment on bird parasites
concerns white patches commonly found in
the breast of surface-feeding ducks, but also
in birds from at least 21 other families.
T hese cysts infect heart, leg, and neck
muscles, and they are all the same species
(Sarcocystis rileyi). A definitive host for this
cocc idian protozoan has not been
determined, but it is possibly a raptorial bird
or carnivorous mammal. A related species
in the muscles of a cow utilizes the intestine
of man or dog as a final host.
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Marine Mammals

Marine and estuarine mammals harbor a
multitude of parasites, and th e discussion
for most, just like for most birds, is beyon d
th e scope of this guide. Because of the
pleasant a nd almost humano id nature of the
A tla ntic bottlen ose dolphin a nd the fact tha t
this porpo ise commonly makes its presence
known in the G ulf, a few comments on some
of its parasites seem warranted. T he federal
governmen t protects ma rine ma mmals,
even wh en dead, reducing the chance o f
seeing their internal parasites. T h e pen etrating odors tra nsm itted wi th oils in the
blubber make cutting into a beached
mamma l dead only a few hours a rather
unpleasant experience, a nyway. If some
inspired person in the n orthern G ulf does
get the opportunity to see a fresh stomach
lining of a porpoise, h e would proba bly
see two species of digen eans and possibly a
mass of nematodes. La rge numbers of a
rather stra nge looking fluke (Braun ina
cordiformis) about the size of a marble
attach firmly to the stomach and can live for
up to 3 years. T he other digenean (Pholeter
gastrophilus) is smaller, but cannot be seen
because a nodular cyst larger than the
previous fluke forms around the worm and
hides it. The nematodes belong to one o r
more species of A nisakis, the larvae of which
when present in raw seafood have been
implicated in severe human gastric disease.
Its life cycle was diagrammed earlier (Figure

also invade the brain.
A lungworm (Halocercus lagenorhynchi)
inhabits the air passages of th e lungs. This
nematode may cause severe bronchitis.
Possibly because a n infected porpoise has
a poorly developed cough reflex, it cannot
disch a rge resulting fl u id . A h ealth y
porpoise seems a ble to control the parasite,
bu t a very young or stressed host apparently
often allows numerous individuals to
mature a nd thereby contribute to i ts death
or a serious disease. A h eavy infection of a
rela ted worm in the a uditory capsule can
cause deafness.
Conspicuous to someone admiring the
antics of the bottlenose dolphin alongside
his vessel are th e skin disorders of some
individuals. Cuts a nd sores from fishing
nets, shark attacks, or even self- or peerinduced trauma ma y pro gress into
debilitating infections. When a dominant
porpoise bites its subordinate compa nion,
the rake marks of its teeth orient pa rallel
(Figure I 79). Many animals also show a
variety of healing wounds, often with
secondary infections (Figure 180). Other
types of lesions occur on the skin. Some

157).

A few other worms commonly infect the
porpoise. One elongated fluke (Nasitrema
delphini) inhabits the lateral air sinuses of
the head n ear the internal ear. L ess
commonly, a campulid fluke species infects
the pancreatic ducts. T he reason for
mentioning this infection is that worms in
this family have been implicated in some
strandings of marine mammals.
Several dolphins tha t had stranded singly
along California beaches had livers badly
damaged by a campulid and h ad extensively
damaged brains apparently resulting from
easily diagnosed campulid eggs. Eggs and
occasionally adults pass through the
pancreatic duct and ultimately invade
various tissues including the brain, causing
them to degenerate. A few nematodes can

Figures 179 and 180. Lesions on the Atlantic
bottlenose dolphin. Top, flipper with deep
wounds made by another dolphin. Bottom,
secondary Infection of wound in dorsal fin.

result from bacteria l or fungal infections
and the cause of some remains unknown .
People who work with p orpoises refer to
some common dark colored patchy lesions
as " ta ttoos." T hese do n ot appear to harm
the host, but their cause sh ould be investigated.
Because marine ma mmals reach g iga ntic
sizes, a reader might expect a gigantic worm
to infect large whales. O ne exists! Blue and
fin whales h ave a nematode (Crassicau da
sp. ), the males of which occur in the p enis or
clitoris. The much la rger female worm
extends from this region down the ureter,
through the kidneys, into blood vessels, a nd
occasionally to the liver. T his is a lo ng
worm.

MISCELLANEOUS
SYMBIONTS
Nematode larvae and larval nematodelike organisms infect insects and other
hosts in addition to fish and the m entioned
shellfish. Because people can see these
worms, they deserve some comment.
Fairly common large nematode larvae in
insects may be mermithids. If so, farmers
refer to them as "cabbage snakes." The
infected midge in Figure 181 from an
estuarine bayou exemplifies a local
infection. Spiders, leeches, crustaceans, and
other invertebrates harbor specific
mermithid larvae, some of which reach
50 cm in length. Because they have life cycles
adapted to their specific hosts, produce

Figure 181. Mermlthid roundworm aban~onlng a midge larva. Mermithid nematodes
ave a parasitic larva which in some cases
acts as a biological control agent to keep
Populations of annoying Insects under
Check.

large numbers of eggs, and are freeswim ming or o therwise readily available
to infect the hosts, some act as good agents
for biological control of pests.
In order to apprecia te better these
pote ntia l bio logical control agents, I
present a brief life h isto ry o f one
(Perutilimeris culicis) from the saltmarsh
mosquito. Free-living fem ales lay thousands of eggs in the substratum, and the
sm a ll p re p a rasitic la rva hatch es and
penetrates a n early instar• mosquito larva.
I t d oes no t grow, but rema ins dormant un til
the mosquito pupates. At tha t time, the
larva migrates to the a bdomen and enlarges
rapidly soon after the mosquito ma tures and
obtains a blood meal. T he h ost becomes
sterile and then dies when the internal
postparasitic stage with its lance-like tooth
perforates a n escape hole. Once in the water,
the nematode molts, mates, and lays eggs.
Some other species produce eggs that must
be eaten and larvae that enlarge in the larval
insect host.
Not to be confused with mermithids, but
also infecting insects and other arthropod

Figures 182 and 183. A horsehair worm
(Gord/us robustus). Top, several males
that had been found wiggling together In a
shallow pond. Juveniles parasltlze grasshoppers and a variety of other hosts. Bottom,
posterior tip of a male worm. The female of
this species has a rounded rather than a
lobed tall.
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hosts are immature "horse-hair" worms
(Figures 182 and 183). These nematomorphs, or gordiacean worms as they are
also called,_ appear superficially like long
dark-browmsh nematodes. The digestive
tract is vestigial in nearly all species, and
adults do not feed at all. Juveniles secrete
digestive enzymes through their tegument
and absorb host-nutrients directly back
through their body with little damage to
the host. Development occurs gradually
from larva to juvenile without metamorphosis. When someone sees a larva in a
gra_sshop~er, or an adult in a water trough
or m their yard, some unnecessary anxiety
usually develops.
A few marine parasitic nematomorphs
exist; one (Nectonema agile) even infects the
hemocoel of a grass shrimp along the
northeastern Uni ted States coast in which it
reaches at least 10 cm in length. The ovaries
of females with ova shrink and become
opaque, but the host is not killed. Horsehair worms that I have seen in the northern
Gulf belong to a freshwater species (Gordius
robustus), even though some individuals
occur in brackish areas. The specimens have
all been encountered during early winter
and summer, but they can probably be
~ound during most warm months. A
~uvenile worm emerges from its host while
m water, b~comes sexually-mature, and
mates; the slightly mobile females occur in
grassy regions or in water near shore,
whereas about an equal number of males
swim actively in the deeper adjacent regions
or wiggle in the grass. The male appears to
search out the female. After the ova are
fertilized, the female lays strings or masses of
eggs. When a larva hatches from the egg, it
penetrates any of a variety of hosts and
undergoes its entire development as a
parasitic stage. If not in a proper host, it may
encyst. If a person or fish eats an infected
host, the larva may develop, usually without
damage to the new host.
A few symbionts have been mentioned
~ecause they can be maintained alive with
httle effort when separated from their hosts.
The ease with which one can collect
polyclad flatworms from oysters, barnacles,
and other hosts for study or observation
exemplifies this. A related triclad flatworm

(Bdelloura can~ida, Figure 184) is_also an
inviting orgamsm to study. This _large
worm can be found on most large speomens
of the horseshoe crab (not actually a true
crab) by looking where the legs attach and at
the book gills (named because the leaf-like
tamellae on the breathing appendages
suggest a book).
Leeches have already been mentioned as
symbionts infesting the blue crab and

,, -~,it\11

Figure 184. A commensal triclad flatworm
(Bdelloura candlda) from base of leg of the
hors~shoe crab. Note the eyespots
anteriorly, the large protruded feeding
pharynx near the middle, and the adhesive
holdfast organ posteriorly. Separated from
the host, these worms can be kept alive for
extended periods with liver or other sources
of nutrients.

Figure 185. A large tuberculated leech
(Stlbarobdel/a macrothela) on the anal fin of
a large bull shark. Commonly encountered
on sharks, it also occurs on other animals
and substrata in high saline waters. The
photographed specimen had been preserved
and los~ its greenish-grey coloration. Note
the encircled area where the large posterior
sucker had attached to the fin.

Figure 186. Medium-sized dusky shark
encircled by a commercial plastic packing
band. Barnacles attach to the band.

shrimps and as a vector of blood parasites.
Even though several other leeches occur in
the northern Gulf, one (Figure 185) deserves
attention because of its large size and its
elasmobranch hosts. T he tuberculated leech
(Stibarobdella macrothela) can reach a
length of about 15 cm, but most measure
about 3 cm long. It typically infests the
mouth, fins, claspers, and skin of any of
several sharks, as well as of the guitarfish,
crabs, shells, and occasionally bony fishes. It
occurs worldwide in high saline habitats.
Barnacles have already been discussed as
symbionts showing various degrees of
association with crabs. Barnacles also attach
and have commensal relationships to other
living organisms, but often they attach
because the organism acts as a solid substratum rather than a symbiotic partner.
Three species that attach ed to a plastic band
around a shark demonstrate this. Two dusky
sharks off Pensacola, Florida, became
e n circled within commercial plastic
packing bands (Figure 186). A close-up

Figures 187-190. Barnacles attached to plastic packing bands encircling the dusky shark. Top left,
note the damage caused the shark at its gill slits, structures through which water passes so that the
shark can obtain oxygen. Top right, a common gooseneck barnacle (Lepas anatlfera) covered by a
filamentous green alga. Bottom left, the rabbit ear whale barnacle (Conchoderma aurltum) which
often attaches to sessile barnacles on whales. Bottom right, rare in the Gulf, another related
barnacle (Conchoderma 11/rgatum) often attaches directly to fish and their parasitic copepods.
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photograph (Figure 187) reveals the damage
caused to the body near the gill slits by the
band. Similar harm caused to other fishes
will be discussed later, and I will focus my
attention here on the barnacles. A common
goose-neck barnacle (Lepas anatifera)
frequently attaches to drifting wood and
other objects. One individual on the plastic
band (Figure 188) had become covered by
attached filamentous green algae. Another
stalked species (Conchoderma auritum,
Figure 189) has the common name "rabbit
ear whale barnacle" because it has been
collected off whales. Actually, many
specimens collected during modern times
come from hulls of ships that transit
tropical and subtropical Atlantic and
Mediterranean waters, but their common
presence on whales seems more than
accidental. Another species (Conchoderma
virgatum, Figure 190), even though often
attaching to ships and flotsam, does attach
directly to small living organisms. Not
common in the Gulf, it has been reported
there from the dorsal fin of a halfbeak and
on a parasitic copepod (Lernaeolophus
sultanus) embedded in the flesh of a cobia.
Considering such rare sightings of this
barnacle, a rather unique combination of
conditions seem to be required for its
development. Perhaps one of these
conditions is a wound.
Whether one considers as parasites insects
that must feed on blood to produce eggs is
a matter of individual interpretation and
interest. Because biting gnats, even more
than mosquitoes, have such a dramatic
inf! uence on people's daily outdoor
activities, I include a few comments on
them.
From a human point of view, gnats (at
least Culicoides furens and Culicoides
hollensis), also called "no-see-urns,"
" punkies," and "sand flies, " can vector true
parasites and often make collecting
parasites or just being outside miserable.
One species (Culicoides furens) acts as the
intermediate host for Ozzard's filariasis
(Mansonella ozwrdi) in South America and
the West Indies. Because people in North
America have not been found to harbor the
thin worm in their mesentery, the gnat in
the northern Gulf apparently has nothing

Figure 191. Underside of a biting gnat
(Cul/co/des hollensls). This large gnat is one
of the two common gnats in the southeastern
U.S. that breed in salt marshes and bite people. It is most prevalent in March-April and
October-November and occurs throughout
the day. The other species is discussed in the
text.

to propagate.
The two indicated species commonly bite
people along the Gulf Coast and Atlantic
seaboard. Like mosquitoes, only the female
gnat sucks blood. Effects of the irritating
bite may persist for days in some people,
whereas all symptoms disappear within
a few hours for others. Along the northern
Gulf, adults of the larger (Culicoides
hollensis, Figure 191) appear from midMarch through April and also during
October and November. They feed h eavily
throughout the day on people, domestic
mammals, and probably other animals. On
the other hand, a smaller species ( Culicoides
furens) occurs predominantly from May
through September, biting near sunrise and
again from about an hour and a half before
sunset until after the sun sets. Both species
breed among the salt marsh vegetation.
Larvae of some other species develop in
freshwater habitats and those of one
( Culicoides melleus) develop in brackish
intertidal sandy regions. Fortunately, the
coastal Gulf pests transmit no known
human diseases.

FISH-KILLS AND
MISCELLANEOUS
DISEASES
Fish-kills are not restricted to finfishes;
they also involve shellfishes. In general,
shellfish mortalities present more difficulty

in assessing because the hosts are smaller
and more easily overlooked, are more readily
preyed upon, and seldom swim to the
surface. Several examples of diseases that
have not been overlooked have already been
discussed in the earlier invertebrate sections.
Fish-kills occur for a variety of reasons.
Most cases have not been thoroughly
investigated, but residen ts u sually know
when to take advantage of them. People fill
washtubs with fresh fish following a rapid
temperature drop or during certain other
conditions.
When water temperature gradually drops
during the winter, fish usually have time to
acclimate or move into deep or offshore
water. When th e drop is rapid and when fish
are additionally stressed such as by the
presence of low salinity water, some fish
come to the surface and die. Those that sink
to the bottom slowly bloat with gas an d rise
to the surface after about 2 to 3 weeks when
the water has warmed and algae has begun
to cover them. When these fish surface,
people often worry unnecessarily about
another fish-kill not associated with low
temperatures. Dying fish or those in a coma
make a safe product to eat if cooked and not
otherwise contaminated.
Other naturally-occurring water conditions may also provide another source of
food for the table. Residents in the northern
Gulf call the major condition a " jubilee."
The eastern shore of Mobile Bay has gained
a reputation for its summer jubilees. Once,
when the coastal region was less populated,
observers would notify their n eighbors
abou t these events; they usually occur just
before sunrise. Now it is almost everybody
for himself, and biologists seldom hear
about jubilees until all the fish are collected.
Rarely do animals die unless confined like
crabs in traps or sessile like oysters; most
become stunned for several hours and make
a dip n et an easy means to gather them.
Apparently a combination of specific winds
and tides allows water with a low concentration of oxygen to stratify and to move along
the bottom of specific areas. Crabs and
bottom fishes like floun ders and eels move
shoreward and evade this encroaching water
mass which soon overtakes them.
Summer kills also referred to as jubilees
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occu r along Bellefonta ine Beach and
G ulfport, Mississippi. Perhaps the cause of
these differs from that for the jubilee in
Mobile Bay because the conditions related
above do not necessarily coincide with those
encountered in Mississippi. Many fish die,
but neither involved fishes nor the complete
state of the water from jubi lees has been investigated . Plankton* blooms have been
observed durin g some of the mortalities.
If algal toxins cause the mortalities, perhaps
investigators should ascertain if affected
hosts can be safely eaten.
Devasta ting "red tides" result from
blooms of a few species of toxic planktonic
dinoflagellates (primarily Gymnodinium
breve). They occur periodically along the
west coast of Florida and less often along the
western Gulf and perhaps elsewhere. When
a red tide occurs, large numbers of fish and
invertebrates die. an irri tat ing aerosol
occurs throughout the nearby coastal areas,
and less often, contact-rashes occur in
humans. The noxious tides alarm tourists
and residents alike.
The alga secretes a neurotoxin that kills
any fish if exposed to a sufficien t amount.
Fish also die from oxygen depletion resul ting from decomposing fish and algae.
However, other mechanisms of death seem
to occur. Two of these are long term neurointoxication and long term blood disease.
Different fishes respond differently, and,
consequently, only specific fish es die from a
group of several species. As examples, low
levels of toxin affect the ladyfish 's neurological system a nd the mullet's blood. The
mullet's blood clots slowly and the cells
break apart. Resulting deaths usually occur
a few weeks following a subsided red tide.
Typically o ne or more fish of either species
from a large school under continuous exposure to the toxin exhibits a frenzied
behavior and dies while others of the same
kind remain n ormal un til they too are
terminally affected. Some birds, primarily
the lesser scaup, also die following red tides.
Perhaps th is is because they feed on
molluscs which concentrate the algae, and
thus the toxin. Man can also show symptoms of mild neuromuscular intoxication
following ingestion of contaminated shellfish.
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Probably the most common cause of fishkills in the northern Gulf is oxygen
depletion. This can occur naturally after
several days of overcast skies. Decreased
sunlight reduces photosynthesis"' and
thereby oxygen production, and this, in
conjunction whith the loss of oxygen from
decomposing organic material, results in an
oxygen concentration too low to support
most fish life. Domestic wastes and organic
wastes from industrial plants intensify algal
blooms and the amount of matter to be decomposed. Consequently, the number of
mass mortalities cau sed by oxygen
depletion, especially in harbors and endosed areas, increases with increased
population growth.
Other kills result from fishing practices,
toxic materials, and combinations of
natural and man-controlled factors. Many
fish, occasionally entire catches, may be
spilled from seines or "culled" from shrimp
catches. Pesticides, herbicides, and chemicals may be accidentally or carelessly
introduced into a system and kill organisms.
Several other anomalous conditio ns
might be considered diseases. Unless fish are
confined in a rearing facility or in a stressed
habitat, most of these conditions are seldom
observed. Predators eat most affected fish before their genetic, nutritional, and injurycaused diseases become conspicuous to
fishermen; however, a few affected fish can
be seen, and I will briefly mention a sample.
Anomalies seen by most shrimpers
include albinism, ambicoloration, and reversal of flatfishes. Even though most are
congenital defects, some a nomalies can be
caused by trauma during early developmental stages of the fish. When flatfish
develop normally, one eye migrates to the
opposite side resulting in both eyes being
on the top or ocular side. This side possesses
pigmentation which can be controlled to
vary in color according to the background so
that both predators and prey looking down
have difficulty detecting them. The blind
underside of the fish lacks pigment and provides a difficult target against the water's
reflecting surface for a predator from below.
When fish lack pigments in their normal
regions, that is "albinism." Usually some
pigments occur on the head or elsewhere
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Figure 192. Reversal of a fringed flounder.
The fish on the right is normal, whereas the
one on the left has its eyes on the right side of
the body.

and the lack of p igment is patchy. Replication of the eyed-side color pattern on the
blind-side of flatfishes is termed "ambicoloration. " The hogchoker (Trinectes
maculatus) in the northern Gulf often has
extensive shading or pigmentation on the
blind-side, but ambicoloration is infrequent
in these and other Gulf of Mexico flatfishes.
Reversal indicates the occurrence of eyes
and pigmentation on the usual blind side. A
normal (right) and reversed (left) fringed
flounder (Etropus crossotus) illustrate this
condition (Figure 192).
By visiting a fish hatchery where large
q uantities of fry are produced, one may be
able to observe a variety of genetically deformed young fish. In the natural environment, many of these abnormal fish would be
eaten. Still, increased heated effluents
and pollutants in the environment probably
produce an increasing number of
abnormalities. In order to investigate that
likelihood, eggs and embryos have been
examined for chromosomal anomalies.
Those of the Atlantic mackerel from polluted New York Bight show a high number
of a ll sorts of chromosomal damage with a
tendency for more damage to occur in the
more degraded regions.
The striped mullet illustrated in Figure
193 might have been a genetic anomaly, a
nutritionally-deprived fish, a parasitized
individual, or an individual confronted
with excessive stress during early development. A variety of pollutants such as
sulfuric acid, herbicides, and pesticides
can produce such stress.
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Figure 193. Anomalous striped mullet with
sideways curvature of the spine (scoliosis).
This condition, usually resulting from a
nutritional deficiency, can result from a
variety of causes.

Figure 196. Fibrous tumors in a striped
mullet. This type of growth appears to be
increasing in prevalence in polluted
estuarine habitats during the past few years.

Figures 194 and 195. A stained section of
fatty liver tissue from the striped mullet. The
special stain (Sudan black B) stains the lipid
darkly, distinguishing the condition from
that of excessive glycogen. Top, double
layers of liver cells radiating normally from
central vein. Bottom, close-up of large
stained fat globules in cells. The condition
can be reversed in most instances; excess fat
occurs in the liver during starvation, certain
vitamin deficiencies, spawning, and a few
other conditions. Young fish in aquaria fed
exclusively on a diet of a single animal often
develop a fatty liver and die.

Fatty livers, livers with cells occupied
with lipid material (Figures 194 and 195),
commonly occur in naturally starved fish
during cold spells, in fish during their
spawning periods, and in fish maintained
on inadequate diets. Usually the process can

be reversed, and the liver will resume its
normal character after proper food is eaten.
Fatty livers, however, can also result from
pollutants.
Some contaminants also induce cancer in
fishes and other aquatic animals. So far, in
the northern Gulf, few tumors have been reported from fishes. Probably the most
prevalent one in estuarine fishes involves
fibrous outgrowths in the striped mullet
(Figure 196). Usually less than 1% of a catch
of fish reveals these externally protruding
tumors. They, however, have been seen only
in polluted regions of Galveston and
Corpus Christi, Texas; Pensacola, Crystal
River, and Miami, Florida; and Ocean
Springs, Mississippi. 1..ong-time mullet
fishermen say they have seen the tumorous
fish only in recent years, further suggesting a relationship to increasing pollution.
Composition of the growths apparently
differs among geographical regions. Those
in Mississippi fit most, but not all, of the
criteria of malignant cancers.
Most tumors on fishes are benign; that is,
they do not grow fast, invade tissues, nor
metastasize. The most common of these, a
papilloma somewhat similar to a wart,
occurs occasionally on a few fish, the black
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Figure 197. Large black drum with benign
tumorous growth on chin. This papilloma,
similar to a wart, rarely occurs on fish fro?"
the northern Gulf. This fish from a public
aquarium developed the growth while in a
large display tank.

Figure 198. A rubber band girdling an
Atlantic croaker. Tissue has grown around
the hole in the dorsum and separated some
of the fish's tissue ventrally.

drum being an example (Figure 197). The
drum acquired the g rowth of a long-time
resident displayed in a public aquarium.
Anomalies also result from injuries.
Examples of wounds have already been
presented. Chitinoclastic (chitin-attacking)
bacteria essentially ta ttoo wounds on crustaceans. Fishes on occasion lose their tails or
o ther helpful but nonessential structures.
Man y of these fish survive, if sheltered from
predators. One local example of wound~ng
concerns a n Atlantic croaker whic h
caught itself in a rubber band. After a period
of time the fish apparently grew around the
band, leaving the band to perforate and
disfigure its body (Figure 198). Unfortunately, plastic beer can holders, rubber
condoms, and o ther items slow to degrade
may cripple many fishes. A packing strap
around a shark has already been illustrated

(Figures 186 and 187).
.
A reader should also realize that plasuc
bags, even though they may mess up a boat,
do a lot of damage to the intestinal tract of a
sea turtle or other animal that normally
feeds on jellyfish and o ther such items
resembling the bags. If someone is bent on
throwing garbage in the water, a can migh t
be the easiest to rationalize. Most cans provide shelter for small gobies and blennies
which in turn harbor some harmless parasites which most certainly should be
perpetuated.

TECHNICAL ASPECTS
SYMBIOSIS
Textbooks on parasitology are beginning
to treat many host-parasite associations
more generally as symbiotic ones. The
variability in the amoun t of dependency
of a particular symbiont on its host under
differen t conditions makes a more generalized symbiotic a pproach the most practical
one. Texts treating a variety of types of
symbiotic relationships include those by
Henry (1966;1967), Read (1970), Noble and
Noble (1971 ), Cheng (1973), and Schmidt
and Roberts (1977). Few texts o f any sort
emphasize marine relationships. Those that
do usually stress diseases (e.g., Sindermann,
1970).
Dales (1957) presented a review of some
commensal relationships, listing numerous
hydroids and anemones with their partners.
Several additional uncited associations exist
in the Gulf.
T he example of Clytia sp. on Donax
roemeri ,Protracta and other species of
Donax n~ted above points out problems
in assigning a specific form of symbiosis,
in this case phoresis, to a ny particular
symbiotic couple. A strict definition of
p horesis demands that neither party be
physiologically dependent on the other.
The hydroid may depend on the clam. It
rarely infests any other substratum. Richard
Heard has found it on old large specimens of
the mole crab Emertia talpoida in
Georgetown, South Carolina, but why does

it not attach to other hard items along high
energy sandy beaches? Maybe it does. If so,
maybe when it does, the item washes ashore
or becomes otherwise unable to support the
h ydroid or the hydroid's character changes
such that bio logists consider it a different
species. Loesch (1957) reported an absence
of digenean parasites in clams with the
hydroid or an attached alga. Tiffany (1968),
however, did not obtain similar results. He
found coquina over 25 mm long all had
digeneans, whether commensals were present or not. Actually, Loesch encoun tered
few infected clams, and the suggested loose
form of mutualism based on the hydroid's
p reven ting parasitic infections is doubtful.
In an unpublished study, Joyce (1961 )
suggested tha t the hydroid Podocoryne
carnea (actually Podocoryne selena, see
Mills, 1976) in Cedar Key, Florida, required
a living snail shell, whereas H ydractinia
echinata " preferred" a shell occupied by a
hermit cra b. Matthews and Wright (1970),
Defenbaugh and Hopkins (1973), and
Mercando ( 1976) provided additional
observations. All three works reported a
tendency for hydroids to live on shells occu p ied by Pagurus longicarpus and
Pagurus pollicaris, but not other hermi t
crabs. T he first authors noted that colonies
of H ydractinia echinata were usually
moribund when on shells occupied by the
crab Clibanarius vittatus. When deprived of
a shell, 80% of the specimens of Clibanarius
vittatus refused a shell covered with that
hydroid, and those that accepted the shell
removed the po lyps before entering it.
Apparen tly C libanarius vittatus is more
senslllve to stinging than species of
Pagurus, and those pagurids have an advantage over the more abundant Cliban arius
vittatus when there is a fight over possession
of a shell. Laboratory experiments could
shed some light on this intriguing problem !
Anyone interested in the anemone-crab
relationship will find that several such
relationships have been examined. Indeed,
Ross (1974) gathered together most of the
information known on the behavior, physiology, ecology, and zoogeography of the
partners and used that information to
formulate ideas on the evolution o f the
associations. He (e.g., 1967) has presented

other reviews on the behavioral aspects of
the relationships.
The terms "zooxant h ellae " and
"zoochlorellae" have no taxonomic significance when applied to invertebrate-algal
relationships. T he names refer to the green
or brown colored algae just as " cyanellae"
refers to a blue-green colored mutualist.
Actually dinoflagellates, cryptomonads,
diatoms, blue-green algae, red algae, and
o ther algae have been reported as symbio nts.
H enry (1966) presented many examples.
The ina bility to culture most algal species
and to extract them from living h osts has
affected the understanding of associations.
Sm ith (1973) presented a brief review of
algal associations, drawing mostly from the
examples of corals and their zooxanthellae,
hydra and its chlorella , molluscs and their
chloroplasts, and a small platyhelminth and
its alga, a normal component of the adjacent
phytoplankton. In the case of the flatworm,
other related algal species can be established
in i t, but if the normal symbion t is then
exposed to it, the worm ejects the alien alga
and acquires the usual one. The symbiotic
interaction involves m ore than nutritional
processes! Taylor (1974) discussed the
taxonomy of all described symbiotic marine
algae and presented information on their
biology. A very useful paper, it will help
anyone in i tiating a stud y on algal
symbionts.
In the two species of Zoanthus from
Florida, I found the typical golden-brown
vegetative stage of a dinoflagellate
re se mbling thos e o f the genus
G ymnodinium or Exuviaella (probably
Gymnodinium m icroadriaticum) within
the gastrodermis. Embedded in the
epidermal tissue occurred bacteria, diatoms,
and what may be another algal symbiont
which did not fluoresce light. However, the
presence of chlorophyll a, as determined
with a Beckman DK-2 spectrophotometer,
was confirmed in tissue stripped of diatoms.
Internally, a few species of colorless
flagellates resided. One large flagellate
extended over 40 µ in length not including
the flagellum, and another stored considerable starch. Even the vegetative stage of the
dinoflagellate occurred in a flagellated
motile carrier cell.
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A method of observing objects with
chlorophyll is to use fluorescent microscopy. I found the dinoflagellate to fluoresce
red, and, under a squash preparation, a few
individuals showed dividing stages.
Fluorescent microscopy also revealed
elon gated homogeneous boat-shaped
objects that differed some between the two
zoanthids . Instead
l- of being red like that of
most chlorophyll, the fluorescence was a
chartreuse green similar to that produced
by members of Peridinium, dinoflagellates
that possess armor in their motile stage.
This material appeared to be packaged from
granular material in mesogleal cells and was
transported throughout the organism. Its
function is unknown.
Considerable work has already been
conducted on zoanthid feeding. Trench
(I 974) provided an extensive study on the
photosynthetic con tribution of the
intracellular Gymnodinium species and
how it passes that material on to "Zoanthus
sociatus." Ultimately the algal cells
apparently undergo senesence, but still are
not digested by the host.
Food other than the photosynthate from
the alga also is utilized. Digestion occurs
intracellularly after cells engulf small
particles. Sebens (l 977) assumed that the
zoanthid studied by Trench was actually
Zoanthus solandri. T he taxonomy remains
to be clarified. In any event, what Sebens
considered Zoanthus sociatus feeds on
smaller items than Zoanthus solandri.
T h ese include small crustaceans,
foraminifera, and apparently detritus.
When not provided this external source of
food, both mentioned species Jost weight.
Some other zoanthids tested by Sebens did
not lose weight, suggesting that they, unlike
the two species of Zoanthus, derived all their
energetic needs from their algal symbionts.
Reimer ( 197 I) also studied different feeding
behaviors of zoanthids, but she used Pacific
species.
Other than Trench (1974) who reported
aggregates of unidentified bacteria on the
cuticle, no other authors to my knowledge
have reported more than the single
dinoflagellate symbiont in a host. The
identification, function, and interaction of
other symbionts needs investigation. Per-

haps th ese organisms are vital to the life of a
zoanthid, and perhaps their presence or
abundance varies according to locality or
season.
This knowledge would provide a
remarkable understanding of a very
complex "simple animal." Even with the
help of E.J.F. Wood and John F. Kimball,
I was unable to culture any of the internal
symbionts using several modifications of
methods used by McLaughlin and Zahl
( I957) and Provasoli, McLaughlin, and
Droop (1957). Perhaps someone using more
modern techniques and approaches can
succeed in this task.

THE AMERICAN OYSTER

The American oyster, Crassostrea
virginica, acts as a host or substratum for a
large number of symbionts. The "bible" on
all aspects of the oyster (Galtsoff, 1964)
presents considerable information on most
of these. Cheng ( 1967 ), Sindermann and
Rosenfield (1967), and Sprague (1970b)
provide more recent compilations on
symbionts from molluscs in general. Other
pertinent reports dealing with Crassostrea
virginica include those by Sprague ( 1971 )
and Sindermann (1977). MacKenzie (1977)
discussed some oyster symbionts in
conjunction with an appraisal of the oyster
fishery and an aquacultural program to
rehabilitate damaged reefs in Mississippi.
Citations referring to work on specific
organisms occur in all the above articles and
others are cited below. Several infectious
and noninfectious diseases that involve
oysters from the Gulf have not been treated
here.
Parasites of another oyster, the smaller
Gulf oyster (Ostrea equestris), have not been
reported as extensively. This oyster occurs in
high salinity regions, has rows of small
"teeth" bordering the inner margins of the
valves, and lacks pigmentation on the
adductor muscle scar.
Overstreet and Howse (1977) provided a
brief review of the public health aspects of
eating raw oysters and of coming into
contact with polluted waters in Mississippi.
Unquestionably, the most dreaded disease

from eating raw oysters locally is hepatitis,
but others, primarily bacterial and viral,
also can be contracted. A few other types of
microorganisms may also have potential
public health significance (Harshbarger,
Chang, and Otto, 1977).
Much of the ecological information about
Dermocystidium marinum came from a
study by Quick and Mackin (1971) in
Florida. Other extensive investigations have
been made by Ray (1954), Andrews and
Hewatt (1957), and Mackin (1962). For those
interes ted in classification of the organism,
the species has been transferred from
Dermocystidium and was known as
Labyrinthomyxa marina for several years.
After some uncertainty, Perkins ( I 976a;
1976b), using ultrastructural evidence,
considered it a coccidian or related
protozoan, and Levine (1978) has now
established it as a protozoan named
Perkinsus marinus after Perkins.
Several other species exist in oysters and
other molluscs; Quick (Dow Chemical
Company, Freeport, Texas, personal
communication) estimates at least four or
five Labyrinthomyxa-like organisms affect
the oyster alone. Most of these usually occur
in low numbers and do not harm the oyster
unless it experiences other stresses. Upon
culturing with thioglycollate and other
media, these organisms respond in a variety
of different ways and morphological types.
Often more than one species will infect the
same individual oyster. Much more effort
should be given to understanding these
organisms and their relationships with their
invertebrate hosts and their environments.
In fact, Labyrinthomyxa patuxent, first
descri bed in 1921, a potentially-lethal
pathogen, and the focus of considerable
research (Mackin and Schlicht, 1976), may
be related to what many authors consider
neoplastic (tumor) diseases of molluscs.
Whether that organism, with its incomplete response to thioglycollate medium,
occurs in the Gulf has not been firmly
established. The method for the improved
culture medium has been documented and
discussed by Quick (1972).
A disease not discussed above because it
~pparently does not affect oysters in the Gulf
1
s "MSX" (for Multinucleate Sphere X).

Losses as high as 85% of planted oysters from
some regions along the northeastern U.S.
coast have been attributed to this disease
now_ known to be caused by the haplo~
spondan Minchinia nelsoni based on
evidence by Couch, Farley, and Rosenfield
( 1966). Both it and M inchinia costalis cause
disease and have attracted considerable
attemion concerning their morphology
(Perkins, 1968; 1969), reduced reproductive
capacity of infected oysters (Couch and
Rosenfield, 1968), and mortalities caused by
the two haplosporidans (Andrews, Wood,
and Hoese, 1962; Farley, 1975; Kern,
1976). Even though most oysters in a reef
may be killed, survivors and their progeny
appear to develop a resistance. Consequently, either transplanting uninfected
oysters into an enzootic region or
introducing an infected oyster into a region
free of the haplosporidan disease can have
short-term devastating effects!
Apparently more than two species of
sporozoan gregarines infect the oyster.
Spores of Nematopsis ostrearum lodge
primarily in the mantle, and those of
Nematopsis prytherchi a nd perhaps another
undescribed species primarily involve the
gills. Quick (1971 ) encountered unidentifiable spores near the digestive tissues of
oysters from central but not northern
Florida. Decapod hosts for Nematopsis
ostrearum include several mud crabs
whereas the host for spores in the gills is th;
stone crab. Mackin ( 1962: 203-205)
questioned whether any of these species
causes oyster-mortalities as suggested by
several authors. Nematopsis spores,
genera ll y larger than those of
Dermocystidium marinum, can be seen in
histological sections or in fresh tissue
partially digested for about a minute in a
few drops of IO% sodium or potassium
hydroxide solution.
Nematopsis ostrearum appears to be
involved in a dynamic equilibrium in
oysters from Virginia (Feng, 1958). That is,
when oysters heavily or lightly infected get
transplanted to other regions with oysters
having light and heavy infections,
respectively, the transplants alter the
intensity to assume average levels for the
region. Such ideas should be investigated
I
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further using oysters in the Gulf.
At least two species of Stylochus p lus
other polyclads occur in oyster beds of
Mississippi (Hyman, 1940). Stylochus
ellipticus, a cream to brownish worm
reaching about 25 mm long, is much more
prevalent than the grayish 50 mm long
Stylochus frontalis. The latter, much more
common in Florida, was studied by Pearse
and Wharton (1938), who presented
ecological and biological data on it as the
synonym Stylochus inimicus as well as some
data on Stylochus ellipticus under the name
Eustylochus meridianalis. The latter
withstands water of lower salinity and
temperature than Stylochus frontalis and
is less specific toward oysters. Both species
lay single layers of egg-masses on oyster
shells or other hard surfaces.
The oyster crab rarely occurs in most Gulf
regions, but because students often wonder
about problems they could undertake, I
think it worthwhile to mention here that
several species of small pinnotherid and
porcellanid crabs associate with a variety of
invertebrates and provide an easily visible
animal to study. If a person collects
penshells or scallops, digs up burrows of
mud shrimps (callianassids), or investigates
the tubes or burrows of polychaetes,
holothurians, or sipunculids, he will
probably encounter several species of pea
crabs. They can probably be identified using
the keys by Williams ( 1965) or Felder ( I973 ).
Many questions concerning each different
pea crab could be asked. Are young
produced over long periods? Does the first
stage crab always invade the host? Are young
individuals chemically attracted to hosts?
What is the dependency and pathological
effect of the crab on the host? What is the
longevity of both sexes? Will additional
females enter an already occupied habitat?
When several females associate with a host,
will some migrate to nonassociated hosts
when they change into a hard stage? Can the
crabs survive harsher conditions than their
hosts? Do attached hydroids aid the crabs? A
place to initiate a literature search for any
such investigation could be articles by
Christensen and McDermott (1958), Haven
(1959), Davenport, Camougis, and Hickok
(1960), and Sastry and Menzel (1962).

The small pyramidellid gastropod a long
the edge of an oyster shell can be identified
using Abbott's (1974) book. Hopkins (1956c)
and Allen (1958) both discussed the
Odostomia impressa-oyster relationship.
Oyster growth shows a relationship with
bucephalid infe ctions (Menzel and
Hopkins, 1955), although more extensive
studies are needed.
T he pathogenic effect by normally
commensal inhabitants to stressed oysters
has not been well documented in most cases.
Stress from high temperatures apparently
cau ses dermo to harm the host. Other
examples also exist. Ciliates occasionally
infect a healthy oyster, but may become a
complicating factor in weakened hosts as a
secondary invader (Mackin, 1962; Pauley,
Chew, and Sparks, 1967 ). The latter workers
observed a ciliate to infect heavily the Pacific
oyster after they injected turpentine, but not
a nonirritant, in the adductor muscle or in
connective tissue.
Even though burrowing organisms affect
oysters and other molluscs, few studies have
treated them in detail. Alfred Chestnut at
GCRL provided most of the information on
the oyster burrowing clam, or martesia
(Diplothy ra smithii), used h ere. His
dissertation will present details of the
biology of this intriguing clam. The mud
worm Polydora websteri can be easily
identified using Blake's (1971) key. Another
species, Polydora ligni , also occurs in oyster
reefs, but forms fragile tubes of silt ra ther
than burrowing in shells. It, however, can
reproduce rapidly and smother the oysters.
Hartman (1958) presented a taxonomic
treatment on the several species of burrowing sponges, and Wells, Wells, and
Gray ( 1960) added sizes of perforations in the
shell in addition to other characteristics.
Hopkins (1956a; 1956b) reported ecological
data on the different species. He considered
the presence of C liona celata to indicate that
salinity remained below IO ppt about one
fourth of the time and that of C liona truitti,
a species favoring high salinity, to indicate
that the salinity seldom dropped below
15 ppt. For those interested in animalburrowing, an entire issue of American
Zoologist (Carriker, Smith , and Wike, 1969)
provided many specific and general articles

treating the subject.
The section on p redation by Galtsoff
(1964) can be amplified by reading the
interesting fi ndings of McDermott (I 960)
who studied predation of oysters by mud
crabs. Kay McGraw has been investigating
p redation by the blue crab in her doctoral
work on growth and survival of hatcheryreared oysters. McGraw and Gunter ( 1972)
investigated predation by the drill in
Mississippi. Larval development of this
m ost important predator , Tha is
haemastoma, was described by D'Asaro
(1966).
THE BLUE CRAB

The blue crab fishery in Mississippi has
been discussed by Perry (1975). Others have
treated it in adjacent regions in the Gulf
(e.g., Darnell, 1959; More, 1969; Jaworski,
1972; and Adkins, 1972). Tagatz and Hall
(1971) presented an annotated bibliography
on Callinectes sapidus, P yle and Cronin
(1 950) described its anatomy, Ph yllis
Johnson is finishing a histological study,
and Overstreet and Cook ( I972) discussed
soft-shelled crabs and their potential for
furth er exploitation.
So far I have not said anything about the
lesser blue crab, Callinectes similis, or, as
some fishermen call it, the Gulf or scissor
bill crab. It also occurs in the northern Gulf
and the eastern U .S. seaboard (Williams,
1974) and helps make up a part of the blue
crab fishery. It, however, does not reach the
size of Callinectes sapidus and can be further
separated from it by possessing two large
and two small "teeth" projecting along the
front of the carapace between the eyes rather
tha n just two large ones. This coun t does
not include the projections where the
eyes talks protrude. Also, small specimens of
Callinectes similis h ave a blue patch at the
"elbow" and where . the claw articulates,
rather than being red like on Callinectes
sapidus.
The parasites infecting the two crab
species also differ in some cases. A critical
study of a ll the parasites of the two has not
been made, even though numerous papers
cove r ind i v id u a I speci es· infecting
Callinectes sapidus. As far as I know, neither
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Arneson michaelis nor Loxothylacus
texanus, both internal parasites, infect
Callinectes similis. I tried to infect a few
individuals with the microsporidan without
success. On the other hand, I have seen a
nonencysted larval cestode plerocercoid
extensively invading the skeletal muscles of
the lesser blue crab (Figures 26 and 27), but
have never seen it in the regu lar blue crab.
On the basis of examining muscle tissue
from numerous specimens of Callinectes
sapidus, both Phyllis Johnson and Richard
Heard (personal communication) have each
seen but a single specimen of a larval cestode. H eard 's specimen was encountered in
the Florida Keys. Most external symbionts
infest both crabs, and their presence depends
on ecological variables. The remaining
discussion relates en tirely to infections in
Callinectes sapidus.
The first of four viruses infecting eastern
blue crabs, according to Phyllis J ohnson
(1977b), is a reolike virus found in
hemopoietic tissues, hemocytes, glia of the
central nervous system, and other cells. If
infected hemolymph is injected into the
body cavity of a crab, the crab may die
within 3 days, probably from neurological
involvement, compared to 12 to 32 days fo r
crabs fed injected tissue. The second is a
herpeslike virus mainly in hemocytes
(Figures 44 and 45) which takes about a
month to kill a confined crab and perhaps
much longer to kill or severely affect an
unstressed host in its natural environment.
Crabs do not appear d istressed until near
death, at which time their hemolymph turns
chalky white. The third is a picornalike
virus infecting primarily neurosecretory
cells, epidermis, and bladder epithelium
and secondarily invading blood cells and
9ther tissues. After about a month, the crab,
affected by an altered molting pattern and
sometimes by blindness, may die. The
fourth is a baculovirus infecting the hepatopancreas that does not appear to cause
overt disease. Most of these and other viruses
probably affect the blue crab in the Gulf.
Infections to date have been confirmed
solely on the basis of ultrastructural
examination of specimen s from the Atlantic
seaboard (P. J ohnson, 1977b).
A variety of chitinoclastic bacteria have
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been isolated from crabs and shrimp in
Mississippi (Cook and Loflon, 1973). One
stra in , Beneckea type I, was isolated from a ll
necrotic lesions, making it suspect as a
p rimar y causa ti ve agent that invades
wounded hosts. Shell disease in the blue
crab, caused by one or m ore opportunistic
organisms, has only been reported relatively
rece ntl y (Rosen, 1967; Sa ndifer a nd
Eldridge, 1974), but has long been considered a p roblem to crabbers who mainta in
crabs in floating cypress cages or who leave
crab s in tra ps for ex tended periods.
Overstreet and Howse (1977) di scussed the
need to investigate the relation ship between
stress and causative agents.
Cra bs collected by trapping, trawling, or
dredging typically have systemic bacteria l
infection s which a re undetectable other
than by culturing the bacteria. Many such
crabs with bacteria in their hemolymph
appear to be, and probably are, relatively
healthy (Colwell, Wicks, a nd Tubiash, 1975;
Sizemore, Colwell, Tubiash, and Lovelace,
1975 ). Most of these bacteremias are
probably tra nsient, and some may be
misdiagnoses based on cultures of contaminants from the cuticle. Disease typically
ensu es only when the organism is especially
viru lent or when the host is stressed. H eavy
infections can kill crabs (e.g., P. Johnson,
1976). Overstreet and Howse ( 1977) report
mortalities of crabs in traps caused by
Vibrio parahaernolyticus.
Vib rio parahaernolyticus, a g ram
negative, rod-shaped, motile bacterium has
also been implicated in human disease.
Many stra in s live and multiply rapidly in
marine waters, especia lly at the human body
temperature of 37°C. In contrast, most
strictly human pathogens cannot reproduce
in seawater. These organisms concentrate in
marine organisms n ear sewage outfalls a nd
g ive most raw sea food products a n
undeserved poor repu ta tion. Just like
severa l oth er bacter ia thoug h , Vibrio
parahaernolyticus usually pro du ces
symptoms of nausea, diarrhea, vomiting,
and mild fever. It has a lso been im p licated in
infections of the skin. Lee (1973) discussed
information that seafood processors shou ld
know about the organism.
· Most of the microsporidans infecting the

blue crab as well as other hosts have been
treated by Sprague (Bulla and Cheng, 1977).
I a m presently working on a nother species.
Sprague recently changed the na me of the
most prevalent species, Arneson rnichaelis,
when h e transferred it from the genus
Noserna. Some aspects of its development
h ave been described by Weidner (1 970; 1972).
Overstreet and Weidner ( I 974) suggested
tha t the muscle disintegration induced by
Arneson rnichaelis may be more severe and
extensive than that cau sed by several other
microsporidans because the spores of this
species lack a surrounding pansporoblast.
A growth chamber bounded by one or more
membranes, the pansporoblast may trap
potentially harmful metabolites.
If in the future th e crab industr y rears its
product for the soft-shelled crab market,
mean s to prevent a nd control infections of
microsporidans will be necessary. Steps in
these directions have already been made
(Overstreet, 1975; Overstreet a nd Whatley,
1975; Sindermann, 1977 ).
A helpful listing of many protozoans
from decapods was presented by Sprague
and Couch (197 1). Many other papers treat
different aspects of infections and their
causative agents in detail, and a few of these
will be mentioned. P. Johnson (1977a)
critically investigated paramoebiasis; the
agent has been adequately described by
Sprague, Beckeu , a nd Sawyer (1969) and by
Perkins and Castagna (197 1). Newma n and
C. Johnson (1975) rep orted the dinoflagella te H ernatodiniurn sp., and Couch
(personal communication) has additional
studies in progress. Newman, Johnson, and
Pauley (1976) described the M in chinia-like
haplosporidan. T hree papers (Couch, 1966;
1967; 1973) trea ted the cilia te Lagenophrys
callinectes, and Overstreet and Whatley
(1975) reported the internal " holotrich ."
Bland a nd Amerson (1973a; 1973b)
reported the fungus Lagenidiurn callinectes
from crustacean ova, and contin uing work
by Eland's group has developed control
m easures (Bland, Ruch, Sa lser, and
Lightner, 1976).
In a dis sertatio n on m icropha l lid
digeneans of fiddler crabs, Richard Heard
( 1976) additiona lly treated some species
from the blue crab a nd from o ther

crustacean s. H e corrected and added data to
the earlier reports on Microphallus
basodactylophallus (= Carneophallus
basodactylophallus) by Heard ( 1967) and
Bridgman ( 1969). Even considering the
nomenclatura l treatment of the species in a
monograph by Deblock (197 1), problems
still exist, as pointed out by Heard. Heard
a lso elucidated additional aspects of the life
cycle of L evinseniella capitanea, a worm
described by Overstreet and Perry (1972).
T he cycle progresses much the same as
M icrophallus basodactylophallus; however,
fewer mamma ls and birds probably host the
worm than for many micropha llids, since I
could not establish specimen s in mice, rats,
or ba by chicks.
Many micropha llid metacerca riae,
incl uding those discussed, produce eggs
when maintained in warm saline. This
a bility reflects the lack of much biochemical
dependency on the host for egg production
in those microphallids. T he important
aspect of the life cycles of those sp ecies seem s
to be the n eed for adults to produce eggs
q uickly, a maneu ver allowing infection of
intermedia te hosts if the definitive host is
one that would soon migrate from the
region and thereby leave potentia l intermedia te h osts behind.
Various histological studies treating the
hyperparasite Urosporidiurn crescens from
th e Atlan tic coast list digen ean s of the blue
crab other than M icrophallus basodactylophallus as probable hosts (De Turk,
1940; Sprague, 1970a; Perkins, 1971; Couch,
1974a); however, Heard a nd I h ave
examined specimens of trematodes from
infected crabs from Virginia and found
them to be Microphallus basodactylophallus, the same as in the Gulf. On the
other h and , add itiona l digeneans are
suitable h osts for this haplospor idan
including M icrophallus choanophallus and
Levinseniella capitanea.
T he acorn barnacle, Chelonibia patula,
and the pedunculate barnacle, Octolasrnis
muelleri, have been reared in the laboratory
by Lang (1976a; 1976b). Those works
suggest that distribution of both species
depends on temperature. Breeding and
larva l development ceases below abou t
15°C. Development fro m the first naupliar
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to cyprid stage of Octolasrnis rnuelleri takes
about 2 to 3 weeks a t 24 to 27°C and less for
the other barnacle. Development to tha t
cyprid stage, the stage which attaches to the
host, prolongs considera bly in cooler water.
Diet also controls development, and the
pedunculate barnacle· necessita tes a much
more specific diet. Observations on that
species from North Ca rol ina were
d ocumented long ago (Coker , 1902 ).
However, whether or not specimens from
the blue cra b in America comprise a
geographic population and a synonym of
the cosmopolita n Octolasrnis lowei has not
been established decisively (e.g., Newman,
1967).
Ecologica l studies of Loxothylacus
texanus in the northern Gu lf were presented
in some detail by Ragan and Matherne
(1974) who add itionally cited most of the
references on that species in their bibliography. The only o ther reported host in
addit i o n to Callinectes sapidus i s
Callinectes ornatus. Gordon Gunter has
seen that cra b infected along the west coast
of Florida (Christmas, 1969), and I have seen
ma ny in the shallow hot regions of Bear Cut
in Miami, Florida. Lawler and Shepard
( 1978) present a fairly complete bibliography on a l l rhizocephala n s. From
Mississippi, Christmas ( 1969 ) reported
infected blue crabs and also mentioned the
presence of what h e tentatively considered
Loxothylacus panopaei in mud cra bs.
Loxothylacus panopaei is an important
example of introduced species. After many
oysters in Chesapeake Bay died from
Minchinia nelsoni, oysters from the Gulf of
Mexico were introduced in 1963 and 1964 to
help reestablish the popu lation. Incidental
to the oysters occurred mud crabs infected
wi th the rh izocepha lan. By 1965, na tive mud
cra b popu la tion s started revea l in g
infections of Loxothylacus panopaei for the
first time (see Van Engel, Dillon, Zwerner,
and Eldridge, 1966; Daugherty, 1969).
Couch (personal communication) has a lso
found Eurypanopeus depressus infected in
C hincoteague Bay (Figure 36).
Soon after first being introduced, a
successfu l species often produces excessively
large populations until such time that an
equilibrium becomes esta blished. Whether
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infections of Loxothylacus panopaei spread
explosively h as n ot been establish ed, but the
apparent abundance of mud crabs declined .
Possibly the parasite d id no t influence the
population structure of the crabs, but,
n ev er t heless, introdu c tions of one
spt>cies may result ultimately in a decline in
o ther species in the new habita t. Before
introducing an y a nimal or plant, the n eed
for it a nd the possible side-effects from the
introduction should be carefull y evaluated.
Humes (I 942) presented an extensive
trea tment on the nemertean Carcinont'mntes carcinophila. which was later
followt>d by a pa per on its use as an indicator
of host spawning (Hopkins, 1947) and
another on its larva (Davis, 1965).
T h e fa c t that the com mon leech
M yzobdella lugubris uses a fish to obta in
blood and a crab on which to deposit
cocoons h as been recogni zed only recen tly
(Daniels a nd Sawyer, 1975; Sawyer, Lawler,
and Overstreet, 1975). T he latter reference
goes into considerable detail on salinitytolerances of th e adult a nd developing leech.
Hutton and Soga ndares-Berna l ( 1959)
reported the associa tion between the leech
and crab mortality. Some data on the
bra n chiobdellid Cambrincola mesochoreus
were reported in a n unpublished h onor's
thesis by Blackford ( I966), but more
extensive work could be done on that and
other bra nchiobdellids of both the crab
a nd crayfishes in the n orthern G ulf region.
The authority on tha t group is Perry C. Holt
at Virginia Polytech nic Institute and State
U niversity.

a bdo minal (ta il ) segm ent. The white
shrimp lacks these, but not the pink shrimp,
which may additionally have a distinguishing brow nish lateral spot on the
second and third segments. Cook and
Lindner (1970) a nd Lindner and Cook
( 1970) presented good summaries of data on
the brown and whi te shri mps to which
could be added a paper on burrowing and
daily activity of shrimp by Wickham and
Minkler ( 1975 ). Christmas and Etzold ( I977)
edited a report on a regional fishery
management p lan for penaeid shrimp .
T h e parasi tes a nd diseases of commercia l
p enaeids, mo re than those of most any other
select group of marine organism s, have been
studied in some detail. A considerable
number of questions remain unanswered,
but recent findings and summaries of
previous works have been presen ted by
Overstreet (1973), Feigenbaum (1975), S.
Johnson (1974; 1975), Lightner (1975), and
Couch (1978) . Cou ch broadened his paper
further by including the response of shrimp
and their tissues to a variety of toxic
chemica ls and heavy meta ls. The observa tions o n the tumo rous growth, a
h amartoma, discussed above were made by
Overstreet and Van Devender (1978).

PENAEID SHRIMPS

Couch (1974b) first observed the viral
inclusion bodies in shrimp a nd followed his
report with a series of studies assessing the
rela tionship between stress and disease
(Couch , 1974c; see citations by Couch and
Courtney, 1977). The virus was characterized by Summers (1977). Flagellate and
ciliate protozoans additionally involved
some of the dying larval shrimp, but no
doubt exists a bout the increased presence
of the inclusio n bodies in shrimp experiencing certa in stresses.

Con siderable data have been published
on shrimp catches and shrimp biology.
Perez Farfante ( 1969) provided a deta iled
taxo nomic a nd ecological treatment and a
review of a ll members of the genus Penaeus
in the Western Atlantic. Of the two common
species in the northern G ulf, the brown
shrimp has a groove (lateral rostral sulcus)
running along each side of the dorsal (top)
midline ridge on the " head " (cepha lothorax) as well as on e on the last (sixth)

T he norma l bacterial flora of brown and
white shrimps was in vestiga ted by
Va nderzant, Mroz, a nd N ickelson (1970).
L ightner (1975), who reported the epizootic
of virulent chi tinoclastic bacteria, reviewed
bacteria l diseases of shrimp in genera l.
Research o n fungal diseases of crustaceans has just begun to receive serious
inves ti gation. U n esta m ( 1973 ), Bland
( 1975 ), and Lightner ( I 975) p rovided good
summaries of the problems.

" Black gill disease" results from a variety
of both infectious and noninfectious agen ts.
Massive accumulations of hemocytes settle
w ithin the gill filaments, u I tima tely
associated with dysfunction, destruction, or
secondary infections. Lightner and Redma n
(1 977 ) showed histologically that the
in flammatory responses typically involve
melanin deposition following exposure of
sh rimps to cadmium, copper, and Fusarium
solani, as well as when shrimp have a n
ascorbic acid deficiency, wounds, and a
var iety of undiag no se d condition s .
In flammatory response in penaeid shrimp
involves fixed phagocytes lining blood
sin u ses, phagocytes in loose connective
tissue, fibrocytes, and three forms of
hemocytes. Solangi and Lightner ( 1976)
followed the response to the fungus,
Fontaine and Lightner (1975) described the
en capsulation, phagocytosis, and elimination of necrotic material as well as the
hea ling process, Couch (1977) presented an
ul trastructural study of lesions in gills
exposed to cadmium, and Sindermann
(1971) reviewed the internal defenses of
crustacean s in general.
T h e four common microsporidans differ
in severa l aspects (Overstreet, 1973) and will
be described because of the difficulty in
distinquishing them and because of their
receiving a recent resurgen ce of interest.
Spores of Arneson (= Nosema) nelsoni
measure a bout 2.5 µ long by 1.5 µ wide
(occasionally up to 3.5 µ by 2.3 /.l) with a
narrow polar filament 23 µlong.The single
spore has no p ansporoblast chamber, and
masses of them surround the abdominal
m uscle bundles of white, brown, and pink
shrimps before eventually replacing them.
Pleistophora sp . may be especially difficult
to distinguish from the above species. Chromatophores along the dorsolateral
surfaces of shrimp infected with both species
ex pa nd and produce a bluish-black
appearance to the shrimp; however, the
appearance usua lly is darker when the
shrimp is infected by Pleistophora sp.
Spores of that species, 1.7 to 3.0 µ long by 0.9
to 2 .5 µ wide wi th polar fi la men ts 42 to 125 µ
long, develop in pansporoblasts containing
as few as 14 spores or as many as several
hundred. The Pleistophora sp. infections
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typically replace muscle tissue and sometimes invade anteriorly-located tissues in
addition to the tail; they involve primarily
white and brown shrimps. T he third species
from the host tail, Thelohania duorara, lies
between muscle fibers, most commonly in
pink shrimps. As with Pleistophora sp., it
occasionally invades heart and other tissues.
Spores measure 4.7 to 6.8 µ long by 3.0 to
4.2 F wide (averaging 6.0 by 3.7 µ) with
uniformly wide polar fila ments 97 to 142 µ
long; eight of them exist w ithin each
pansporoblas t.
The last species (Agmasoma [= Thelohania} penaei) invades tissue other than
the abdomi n a l muscle. Preva le nt in
blood vessels, foregut, and hindgut, it also
infects and destroys the germinal tissue of
the gonads. Infections seen through the
c a rapace among the branchiostega l
epithelium and in the appendages originate
from tissue of the blood vessels. Only in an
a bnormal situation have I observed a n
infection associated w ith abdominal
muscles (Overstreet, 1973). A pansporoblast
harbors a group of eight pyriform spores
either 2.5 to 4.7 µ long by 2.0 to 3.5 µ wide
or 5.5 to 8.2 µ by 3.5 to 4.2 µ. Both the small
a nd large (megaspores) spores occur in the
sam e shrimp . Also, the p o lar filaments
protrude 65 to 87 µ a nd have a thin dista l
portion contrasting w ith the thick proximal
part. Other than some pond-reared pink and
brown shrimp, only white shrimp have
revealed infections. Iversen and Kelly (1976)
apparently transmitted this or a related
species to postlarval pink shrimp by feeding
them feces from spotted seatrout that had
eaten infected shrimp.
Descriptions of the different North
American gregarines of penaeids occur in
works by Sprague (1954), Kruse (1966a;
1966b), Overstreet (1973), and Feigenbaum
(1975). Kruse (1966a; 1966b) provided
information on the biology of a few species,
and Sprague (1970a) reviewed gregarines of
crustaceans in general.
Descriptive data on most ciliates are
lacking. Couch (1978) gave a recent
summary of most ciliate and flagellate
species from shrimp, and papers by
S. Johnson (1974) and by Lightner (1975)
provided a ddi tio nal information. The

106

Marine Maladies?

relationship between Zoothamnium sp. and
the shrimp's gill has been studied by Foster,
Sarphie, and Hawkins (in press), and the
possible detrimental effects caused by that
relationship were discussed by Overstreet
(1973 ).
Heard experimentally infected the shrimp
shown in Figure 68 and plans to report the
results soon. Overstreet (1973) summarized
information on the other trematodes,
including a description of Opecoeloides
f imbriatus by Kruse ( 1959).
Most of the common helminths have been
reported by Hutton, Sogandares-Bernal,
Eldred, Ingle, and Woodburn (1959), Kruse
( 1959), Overs treet ( 1973), Feigenbaum
(1975), and Couch (1978). Feigenbaum
(1975) discovered two new trypanorhynch
cestodes from the hepatopancreas and body
cavity of Penaeus brasiliensis near Miami,
Florida, and Corkern (1978) found an
encysted cyclophyllidean larva in shrimps
in Texas. No one has seriously tried to
determine the identity of the intestinal
larval cestode. However, Tom Mattis has
completed much of a dissertation problem
at the Gulf Coast Research Laboratory on
the life history of Prochristianella hispida.
Figure 70 illustrates his present understanding of its cycle. Prevalence of that
sp ec i es, previously referred to as
Prochristianella penaei (see Campbell and
Carvajal, 1975), has been treated by several
authors (Aldrich, 1965; Corkern, 1970;
Ragan and Aldrich, 1972; O verstreet, 1973 ),
and Corkern (1970) also included data on
Parachristianella dimegacantha, a species
common in younger shrimp from Galveston
Bay, Texas.
In white shrimp studied by Sparks and
Fontaine (1973), larval Prochristianella
hispida developed a dense cyst in the
hepatopancreas that was a pparently soon
destroyed and resorbed by the host. When in
the hemocoel, the larva had a thinner cyst
w ith l ess inflammatory respon se,
suggesting a more preferable site. T hose
authors believed that worms are gradually
lost in white shrimp. Because infections in
brown shrimp do not reveal a decrease in
intensity with age as assumed for those in
white shrimp from some areas, the authors
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suggested brown shrimp may respond to
infections differen tly. When shrimp can be
readily infected, these h ypotheses can be
tested. Overstreet (1973) did not detect a
decreased intensity of infections over the 2 to
3 month period shrimp were reared in
Louisiana ponds.
Most investigators previous to or unaware
of a study by Mudry and Dailey (1971)
assumed shrimp acquired infections from
small infec ted cru stacean intermediate
hosts. That study suggested that in cycles
using a crustacean and elasmobranch , the
crustacean acquired its infection directly by
feeding on worm's eggs; whereas in cycles
with a plerocercoid in a fish, the fish
acquired the infection from a crustacean.
The first method may not be representative
for penaeid shrimp with Prochristianella
hispida.
The larval ascaridoid from shrimp
d escribed by Kru se ( 1959), Hutton,
Soga nda res-Berna l , Eld red, I ngle, a nd
Woodburn ( 1959), and others as
Contracaecum sp. can presently be
considered Thynnascaris type MA. Norris
and Overstreet ( 1976) briefly discussed i t and
differentiated it from type MB. Type MB is 1
to 3 mm long with an esophagus 4 to 13% of
that length, a ventricular appendage 14 to 68
times the length of the short intestinal
caecum, and a spineless, bluntly-rounded
tail. In contrast, type MA is 3 to 5 mm long,
has an esophagus 14 to 15% of tha t length,
has a ventricular appendage 2 to 3 times as
lo ng as the intestinal caecum, and possesses
a spiny projection on the tail. Norris and
Overstreet recognized three or four forms
from penaeids.
Adult Thynnascaris species infect a
variety of fishes. Norris and Overstreet
(1975) described two adult forms and
Thomas Deardorff of GCRL hopes to be
able to correlate the adults of a few Gulf
species with their larval forms by experim entally completing portions of their life
cycles.
Sp irocamallanus cricotus was fi rst
tentatively reported from penaeid shrimp as
Spirocamallanus pereirai (see Overstreet,
1973). Fusco and Overstreet (1978), however,
have now clearly established that the species

commonly referred to as Spirocamallanus
pereirai from the Atlantic croaker and spot
in the Gulf of Mexico constitutes a separate,
closely-related species. Fusco (1978a) has
described the larval stages of that worm.
Leptolaimus sp. (Leptolaimidae) from o n
the gills and from both within the lumen of
and adjacent to the alimentary tract of
brown and white shrimps was reported by
Overstreet (1973).
Rigdon and Baxter ( 1970) first reported
spontaneous necrosis of abdominal muscles
of penaeids, and that work has been
followed up by Lakshmi, Venkataramiah ,
and Howse (1978), who showed that the
lesions, presumably caused by muscle
fatigue heal faster in oxygenated rather
than aerated water. The cramped condition
was first reported by de Sylva ( 1954) and then
subseq uently by Johnson, Byron, Lara M.,
and Ferreira de Souza ( I 975 ). Venkataramiah, Lakshmi, and Biesiot at GCRL
have found that cramping occurs most often
in conditions of low salinity and temperature. T hey (personal communication) also
de termined tha t it results from an internal
ionic imbalance, and they are presen tly
trying to identify the specific ion or ions
involved. Both necrosis and cramping
typically affects shrimps in tanks for bait
dea lers and in culturing facilities. As culturing shri mp becomes more widespread,
especially with heated or cooled water, these
and other diseases will appear. One o f these
others is gas-bubble disease (Lightner,
Salser, and Wheeler, 1974), and i t also
affects oysters and clams in water supersatura ted with oxygen or nitrogen.
Overstreet ( 1973) discussed the golden
shrimp disease and also reported and
reviewed some fouling organisms. Many
organisms foul shrimp , even a barnacle that
settles on the blue crab (Dawson, 1957).
J u st like differen t tissues of all animals,
those of shrimp degenerate at differen t rates
after death. Lightner (1973) described these
postmortem changes in the brown shrimp at
different temperatures.

GRASS SHRIMP

In addition to his illustrated handbook
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(1975) on sh rimp diseases for those
culturing sh rimp, S. Johnson (1977) also
provided a similar handbook on diseases
o f crayfish and freshwater shrimp.
Although not complete for diseases of grass
shrimp, that pamphlet p rovides the only
single source of parasites of that host. It
contains much useful information, some
taken from an earlier paper (S. J ohnson,
1974). Many of the protozoans symbiotic on
the grass shrimp were listed by Sprague and
Couch (1971 ). The findings of more species
plus completion o f considerable detailed
biological studies on man y protozoans of
grass shrimp and other crustaceans have
occurred since 1971. Clamp (1973) provided
observations o n Lagenophrys lunatus, and
Phyllis Bradbury has worked up several
other ciliate-grass shrimp relationships
including that for T erebrospira chattoni
(see Bradbury, Clamp, and L yon, 1974;
Bradbu ry and Goyal, 1976). Sprague (Bulla
and Cheng, 1977) listed three microsporidans from Palaemonetes pugio and
more information on those have been
p resen ted by Street and Sprague (1974) and
Overstreet and Weidner (1974).
The bopyrid Probopyrus pandalicola has
been studied by Richard Heard (unpublished). Also, its respiration in both larval
and adult stages has been investigated in
relation to its two hosts (Anderson, 1975a;
1975b). Both the infested copepod and
shrimp respired less than their respective
control cou n terparts. T his decreased use of
oxygen may result from a lipid buildup in
infested hosts requiring less energy to
m etabolize. When fish ha ve parasitic
infections, they generally respire more,
which in turn increases their stressed
condition.

FISHES

A general treatment of the biology of
fishes can be obtained from a multitude of
books available in most any library.
Identifications of most species from the
northern G ulf of Mexico can be made using
keys in a book by H oese and Moore (1977).
Walls (1975) also wrote a recent book on
these fishes. A standardized list of common
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and scientific names acceptable to the
American Fisheries Society was published
(Bailey et al., 1970), and another edition will
update it in the future. These are common
names used in most scientific literature, and
not necessarily those used in specific
geographic localities by fishermen. Older
works, such as an article by Earll (1887) used
for comments on the early mullet fishery,
often use scientific and common names no
longer in use today.
Because of recent interest in elasmobranchs and the potential for investigating
evolutionary aspects of some highly specific
elasmobranch parasites, I mention a few
references. A book edited by Gilbert,
Mathewson, and Rall ( 1967) covered most
aspects of elasmobranch biology except the
parasites. More current evaluation of interrelationships among elasmobranch groups
has been presented by Zangerl (1973) and
Compagno ( 1973; 1977). Means for critical
identification of species have been given by
Bigelow and Schroeder (1948).
No single source covers parasites from
marine or estuarin e fishes. Hoffman ( 1967),
however, covered parasites in North American freshwater species, and that book might
be helpful for identifying some parasites. A
rather extensive compilation of mullet
parasites and diseases (Paperna and
Overstreet, in press) may also apply to a
general investigation of conditions in any
fish. Control and treatment of freshwater
diseases have been covered extensively
(Hoffman and Meyer, 1974). Methods for
diagnosing and controlling selected diseases
in salmon, pompano, and striped bass have
been edited by Sindermann (1977), but the
same statements also apply to several other
host-disease relationships.

Microbes

Plumb (1974) reviewed all known viral
diseases of fishes from the Gulf region.
Lymphocystis from Atlantic croaker was
first described by Howse and Christmas
(1970; 1971) and that from the silver perch
by Lawler, Howse, and Cook (1974). A brief
review of infections including some new
data was presented by Overstreet and H6wse
(1977).

Bacterial flora including commensal and
disease-causing organisms have been
investigated more thoroughly than viruses.
Horsley ( 1977) reviewed the bacterial flora of
fishes and concluded that the flora in a fish's
alimentary canal was about the same as that
on the gills and skin, which, in turn,
depended on the state of the environment.
In other words, monitoring bacteria and
water quality in ponds should help predict
potential disease outbreaks.
The natural bacterial epizootic in the
northern Gulf was first reported by Plumb,
Schachte, and Gaines (1974) and later
studied in more detail by Cook and Lotton
(I 975 ). Overstreet and Howse (1977) discussed some bacterial infections in
Mississippi coastal areas.
A book with parts by G. Bullock, Conroy,
and Snieszko (1971) and by G. Bullock
(1971) deals specifically with the methods of
working with bacteria from fishes. Two of
several papers concerning identification of
bacteria are by Glorioso, Amborski, Larkin,
Amborski, and Culley (1974) and by Shotts
(1976). The primary reference is Bergey's
Manual (Buchanan and Gibbons, 1974).

Protozoans

Protozoology and even the study of
parasitic protozoans represent fields unto
themselves. The advances in chemistry,
ultrastructure, and culturing techniques
have allowed a much better understanding
of the relationships among different groups.
In 1964, Honigberg and a group of others
formulated the committee ' s revised
classification of the Protozoa. Since then
several major changes have been suggested
such as those by- de Puytorac and others
( 1974) and Corliss (1974a; 1974b) for ciliates,
and by Sprague (Bulla and Cheng, 1977) for
microsporans . Several books cover
protozoans in general such as those by Kudo
(1966), Grell (1973), and Sleigh (1973).
Levines' book ( 1973) specializes in parasitic
forms primarily from domestic animals.
Even though h elpful, that book unfortunately did not treat species from fishes.
The biochemistry of parasitic forms has
been summarized b y Gutteridge and
Coombs (l 977). Several papers on specific

species or groups are cited below.
Lawler (1977) has shown that all but 6 of
over 80 tested fishes (different species)
succumbed to heavy infestations of the
dinoflagellate Amyloodinium ocellatum.
Those six fishes usually appeared refractory
to the invader. Occasionally an individual
of one of those species would become
infested or even die, but in those instances,
another less susceptible fish was usually
present. Lawler suggested the resistance
of Cyprinodon variegatus, Fundulus
grandis, Opsanus beta, and others might
relate to the ability of those fish to tolerate
low oxygen concentrations or to produce an
abundance of mucus, either with or without
a repelling substance. Lorn and Lawler
(1973) described the attachment mechanism
of the related Oodinium cyprinodontum
which infests gills of killifish and other
cyprinodontid fishes along the Atlantic and
G ulf coasts. Larger and more elongate than
Amyloodinium ocellatum, it h arbors
chloroplasts. Rather than penetrating and
digesting host tissue like that compared
species, it attaches wi thout harming the hos t
and produces its own nutrients like a typical
p lant. That Oodinium cyprinodontum has
such characteristics favor the host, since as
many as 2000 dinospores (about eight times
as many as for Amyloodinium ocellatum)
can form from one trophont.
Several chemical treatments cited in
aquarium publications as curing Oodinium
infestations have not been successful in
treating heavily-infested fish. Lawler ( 1977)
listed several of these and emphasized the
value of a short freshwater bath.
A general treatment of piscine flagellates
(Becker, 1977) covered all different groups.
Becker and I are presently studying some
blood parasites in f1shes from Mississippi,
and comments on leeches as vectors for these
occurred in the paper by Sawyer, Lawler,
and Overstreet ( 1975 ). Dealing specifically
with trypanosomes, Khan (1977) showed
experimentally that at least Trypanosoma
murmanensis in Newfoundland, Canada,
infected a variety of related and nonrela ted hosts. After being transmitted by
~he leech, the trypanosome continuously
increased in size for about 2 months. The
difference in size of blood flagellates and
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paucity of observations have inf! uenced
some biologists to assume that several rather
specific trypanosomes occurred in some
regions. U ltrastructure of stages in the leech
has been investigated by Desser ( 1976).
Amoebae have been encountered in
marine fishes . Orias and Noble (1971 ) listed the four reported species. All but one
inhabits the alimentary tract, and it occurs
in the branchial mucus and skin. None
appears pathogenic to the fish, but freshwater amoebae have been implicated in
mortalities, possibly in conjunction with
associates ( Rogers and Gaines, 197 5;
Sawyer, Hoffman, Hnath, and Conrad,
1975). Living individuals move about
actively with their pseudopodia; in some
cases they even feed on their own protective
cyst stage in addition to expected food particles (W. Bullock, 1966). Critical examination of intestinal tissue and contents might
reveal many amoebae in marine fishes.
Based on other reports, individuals should
be more prevalent when intestinal flagellates also occur, and they probably occur in
clusters. Perhaps given appropriate
stimu lation , some of the commensa l
amoebae become virulent.
Several books treat coccidiosis in general
(Kheysin, 1972; Levine, 1973; Hammond
and Long, 1973). A brief treatment by Lorn
(1970) summarized much of the information
about piscine species, and many new species
have been described since then. Lorn (1970)
also treated hemogregarines and other protozoans of fish, whereas Becker (1970)
confined his chapter in the same book to
protozoans in fish blood. Davies and
Johnston ( I 976) studied H aemogregarina
bigemina, a species that reproduces
asexually in peripheral blood of a blenny
and other hosts; they presented strong
evidence that the isopod Gnathia maxillaris
acted as the vector. For someone interested
in the fine structure and locomotion of
hemogregarine gametocytes, the most observed stage in fish, Desserand Weller(l973)
provided an informative paper. Olsen's
(1974) book presented a diagram of a life
cycle for a species utilizing a turtle and a
leech, and it also gave several references for
obtaining information on all stages.
Generally not considered pathogenic,
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h e mo g r ega rines include a spec i es
(Haemogregarina acipenseris) in a sturgeon
from the Volga River that apparen tly causes
ant'mia a nd wasting in its host (see Shulman
and Stein, 1962).
Microsporidans have been discu ssed in
deta il in the section on crustacean hosts.
T he best sing le source of review articles and
references on all aspects of the group is the
two vol u me work edited by Bulla a nd Cheng
( 1976; 1977).
The extensive literature about myxosporidans primarily deals with spore size
a nd shape a nd with hosts. Increased numbers of ultrastructural investiga tio ns on the
sp ores and on developmental stages should
enhance the knowledge of the group
considerabl y. Kudo ( 1920) a nd Shulman
( 1966) wrote the classic treatments on the
group, a nd Paul Meglitsch of Drake
U niversity has an updated monograph in
progress.
Lorn (1969), an active worker with
myxosporida ns, compared the development
of the pola r filament a nd its external tube
that is drawn into the capsule with the
simila r process for nem a tocysl development
in cnidarians. He used this a nd other features, a ll of which contrast with those of a
microsporida n a nd its polar filamen t a nd
with a ciliate a nd its extrudible organelles,
to relate m yxosporida ns more closely with
cn idaria ns than with other protozoan s. Both
group s also have dissociated ge nerative
cells.
The possession of more than on e cell
needs further exp lanation. When most
disporous sp ecies develop (two spores
wi thin a membrane), Len cells form the two
spores and one forms the pansporoblasl
chamber. For a spore, one cell forms each
of the two valves and each of the two polar
capsu les including their contents. The
nuclei of a binucleate cell often fuse to
produce the infecti ve amoeboid stage.
Pathological a lterations in Cyprinodon
variegatus (sh eepshead minnow) infected
with Myxobolus lintoni have been treated
by N igrelli a nd Smith (1938), Overstreet a nd
Howse (1977), and others. Articles on trout
with whirling disease probably surpass in
number those o n a ny o ther m yxosporidan.
Recen tly, Wolf a nd Markiw (1976) have

artificially cultured spores from the vegetative stage. Hoffman (1974), who has
conducted much research on mean s to
con trol whirling disease, reported o n the use
of ultraviolet irradia tion to control both it
and a varie ty of oth er fish pa rasites.
Treating ponds in order to control the disease is not a lways entirely effective
(Hoffman , 1976; Hoffman a nd O 'Grodnick
1977).
The myxosporidan cysts portrayed
between the fin rays of the sp ot probably
are referable to the same species of
H enneguya tha t occurs between the soft rays
of the dorsal and anal fi ns o f the seatrouts
Cynoscion nebulosus and Cynoscion
arenarius in Mississippi Sound an d that
reported but never na med from Cynoscion
regalis in New York and Virginia by
Jakowska, Nigrelli, a nd Alperin (1954).
Other than three species, one from an
annelid, one from an insect, and one from a
digenean , a ll reported true m yxosporidans
infect cold-blooded vertebrates. The pathoge ni c Fabespora vermicola from the
di genean Crassicutis archosargi and its
unusual ability to move by itself was reported by Overstreet (1976a). If the fluke
harmed its sheep shead host, the myxosporidan could be considered for possible
u se as a bio logical con trol agen t. The fl uke,
however, even though auaching to the
intestine by an unusual adhesive mechanism (Overstreet, 1976b), apparently does
n ot ha rm the fish .
References o n ciliates in gen eral were presented al the beginning of this section. By
culturing a few ciliates, a pplyi ng the
protargol and silver impregnation techniqu es, ma y b e using an e l ectron
microscope, and exercising considerable
patience, students a nd other scientists can
still solve numerous economically and
academically important problems w ith
ciliates.
Trichodinids of marine fishes have been
studied most exten sively by Lorn, who
presented a nicely illustrated study (1973) on
their adh esive disk. They have been reported
to cause mortalities in marine hatcheries
(e.g., Purdom and Howard, 1971 ; Pearse,
1972), but dying fish often a lso harbor
monogenean s, copepods, or dino flagellates

in addition to the ciliates that may help
p romote thei r multiplica tion. Several
species cause morta lities in freshwa ter
aquaculture facilities. As examples (Meyer,
I970), trichodinids kill channel catfish fry
within an hour after hatching a nd keep
yo ung golden shiners from feeding.
Red sore disease has been considered a
problem for some time to people with
freshwater fi sh -ponds (Rogers, 1972). In
addition to low oxygen concentration a nd
high organic content, other factors can
promote the disease. Esch, Hazen, Dimock,
and G ibbons (1976) studied the AeromonasEpistylis comp lex in centrarchid fis h es
fro m a cooling pond fo r a nuclear production facility a nd found that more fish
from the therma lly-affected region had
red sores tha n did those from a region with
water of ambient temperature. P resumably,
a variety of pollutants that stress the host
and encourage growth and reproduction of
the cilia te and the bacterium will enhance
red sore disease.
Overstreet and Howse ( 1977 ) stud ied the
a ttachment of the stalk's termina l plate to
h ost tissue and suggested that the fibrillar
a ttachment complex of Epistylis sp. slowly
infiltrates and erodes the h ost tissue leaving
sca le or bone as the only remaining sites on
wh ich to a ttach. Fish heavily infested often
h ave exposed bones and extensive tissue
d est r uc tion a n d regen e ra tio n. Those
a uthors point out tha t h emorrhaging
lesions seem to dep end on th e p resence of
sca les. Catfish, without an y scales, harbor
dense growths of the same or similar species
of Epistylis withou t much hemorrhaging
even though bones may be exposed.
T h e major group Holotrichia n o longer
has acceptance in the recent classification
sch emes of de Puytorac a nd others (1974)
a nd Corliss (1974a; 1974b). The term,
h owever, still has some usefu l value in
n ontaxo nomic works because of its long
workable a nd familiar nature. An outbreak
of Cryptocaryon irritans in fishes from bo th
experimen tal and public aquaria was
discussed by Wilkie and Gordin (1969).
H o ffman, Lando l t, Camper , Coats,
Stookey, a nd Burek (1975) provided a key to
" holotrich s" of freshwater fishes and
discussed pathological resp onses by h osts,
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especia lly those resulting from Tetrahymena corlissi. That facu ltative parasite
killed fish , bu t fish could n ot be experimen tally infected with it.
Specimens of the sheepshead minnow
from H orn Island infested w i th the
hypotrich were collected by Adrian Lawler,
and the progress of the disease was followed
by the two o f us (unpublished data ).
Cestodes

Yamagu ti (1959) compiled a book on all
cestodes known at that time, providing
keys to genera and higher groups. A more
up-to-date set of keys was written by
Schmidt (1970), b ut neither helps identify
most larval forms . Some o f these la rvae from
Gulf moll uscs can be sorted ou t usi ng a key
by Cake ( 1976). Wardle and McCloud's
( 1952) book on tapeworms remains the
classic for a general treatment.
Aspects of the ecology a nd taxonomy of
the pseudophyllidean Anantrum tortum
were presented by Overstreet (1968). Rees
(1969) presented a m ore detailed accoun t o f
several of the characters of the same worm
using the junior synonym Acompsocephalum tortum. Before this present report,
the worm had never been reported from the
Gulf of Mexico, even though th e worm is
extremely abundant. I have confirmed that
it has opercula ted eggs. Recen tly J ensen and
Heckmann (1 977 ) described a secon d
species, Anantrum histocephalum, from a
Iizardfish in Ca li fo rnia. That wo rm ,
however, has a mushroom-shaped scolex to
assure attac hm e nt wi thin t he g u t
epithelium.
O verstreet ( 1977b) reported the ecological
aspects of infections of Poecilancistrium
caryophy llum in the spotted seatrou t.
Moreover, Tom Ma ttis has been investigating the life-history of tha t worm a nd of
several other elasmobranch cestodes. He is
the auth ority from the Gulf region on
elasmobranch cestodes; others th at work on
e l as m o bran c h cestodes are R ona l d
Campbell of Southeastern Massachusetts
University and Murray Dailey of California
State U niversity at Long Beach. Dailey a nd
O verstreet (1973) described th e multistrobilate form s of Cathetocephalus
thatcheri from the bull shark.

..
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Monogeneans

Rather than being most closely related to
digeneans, monogen eans probably evolved
from an ances tra l form that gave rise to
cestode groups. Malmberg ( 1974 ) discussed
his ideas and reviewed much of the literature
on monogenean phylogeny.
A book by Yamaguti (1963a) provides keys.
to the families and genera of monogenean s
and listings of species. A more updated key
for North American genera by Schell (1970)
may prove more economical and up to date
for a beginning student.
Many taxonomic problems still need
attention , including numerous descriptions of pathogenic species. In fact , Adrian
Lawler at GCRL plans to describe the n ew
species of Dermophthirius that harmed its
sawfish host. Lawler and Cave ( 1978)
already reported on Aspinatrium pogoniae
which built up infestations to thousands of
individuals and apparently killed a large
captive black drum. Large worms measured
over 12 mm long, but most were sma ller.
Many species wi ll multipl y extensively in
cultured fish and kill or weaken them, but
few cases have been rep orted in the
Ii tna t ure.
Some monogen ea ns that occur in
Mississippi may be near the limit of their
geographic range, being rare except under
specific conditions. The relatively rare
A bsonifibula bychowskyi may be an
example of thi s (Lawler and Overstreet,
1976). We found tha t the intensity of
infestations related directly with water
temperature.
The best understood monogen ean
infesting skin does not occur in local waters.
Stil l, a brief understanding of the biology of
Entobdella so lea from the ventral surface of
the sole should inspire extensive investigations of local species (Kearn, 1971). This
5 mm worm moves a bout on the bottom of
the flatfish, feeding on tissue overlying
scales. It lays eggs with long sticky filaments
on sand grains during the day when the host
is buried. Fish feed during dark hours, and
about dawn they return to partially bury in
the sand. At that time, a ciliated
monoge n ean larva (onchomiracidium)
hatches and infests the exposed upper head
of the sole. As it matures, the worm migrates

to the fish's belly. It embeds its anchors into
the host, but holds on primarily by suction.
Accessory hook-like structures anterior to
the anchors actually prop up the central part
of the holdfast making a cup. In some other
species, the anchors penetrate more deeply
and hold the host in a manner similar to an
ice tong when the fish is active. When the
fish slows down, some worms' marginal
hooks suffice for attachment (L ester, 1972).
Studies by Paperna (1964) provided an
understanding of infestations by more than
one monogenean species in pond-reared
fish. He found that heavy infestations of
Dactylogyrus vastator on young carp caused
increased growth of host tissue (hyperplasi a) and crea ted a n unfavorable
environment for two other monogen ean
species. The small worm can kill many carp
fry, but fingerlings develop a resistance, so
that monogenean infestations in larger fish
include other less pathogenic species only.
If the effect of temperature, salinity, and
other physical parameters on larval and
adult worms and the time when fry first
appear in ponds are understood, fish can be
properly managed to avoid infestations
(e .g., Paperna, 1963). A biologist, however,
must realize that not all monogeneans' eggs
have to hatch quickly; some developmentally inhibited larvae over-win ter and
hatch about the time young fish appear.
Another group of tiny monogeneans
(gyrodactylids) produces embryos rather
than eggs, and many species can coexist on
the same host (e.g ., Williams and Rogers,
1971, for species on the sheepshead minnow ). Some species cause mortalities and
o thers inhabit atypical sites. One species
even infests the brood pouch of the male
Gulf pipefish (Holliman, 1963).
A large number of the marine species in
the northern Gulf have been reported or
described in papers by Koratha (1955a;
1955b) and Hargis (1957, for summary).
Koratha (1955a) also suggested a possible
phylogenetic relationship between cobia
and diskfish es indicat ed by their
monogenea ns. This relationship has been
questioned b y several i chth yologists.
Several o ther groups of monogeneans are
a lso restricted to specific families or other
groups of fishes. On the basis of Hargis'

report on host-specificity, each of 67 monogeneans from the northern Gulf infested a
single host species, whereas only 8 parasitized two and I parasitized three. When more
than one host was infested, they belonged to
the same genus. Similar levels of specificity
to single hosts occur in the White Sea,
Barents Sea, Black Sea, and Great Barrier
Reef off Australia (Rohde, 1977).

Digeneans

Yamaguti (1971 ) revised a n ea rlier
compilation of all digeneans of vertebrates,
giving keys to genera and families and
listing species wi th their hosts. H e ( 1975)
also compiled most known data on life
cycles. Both lengthy works are extensively
illustrated. Shell's (1970) key a llows some
identifications and is much cheaper in price
than Yamaguti 's book, but does not include
as many local marine and estuarine species.
A book by Erasmus (1972) deals with
experimental investigations of trematode
biology, emphasizing larval stages.
Lumsden ( 1975) reviewed the function and
structure of helminth teguments, including
those of trematodes, and Overstreet (1976b)
described the unusual attachment to a fish
h ost by Crassicutis archosargi.
For further discussion on some of the
examples presented , the reader can refer to
the following works: Gibson and Bray
(1 977) considered the giant fish stomach
worm from a variety of hosts as the single
species Hirudinella ventricosa until further
evidence confirms a second species, Iversen
and Yoshida (1957) reported the common
occurrence of two specimens of that giant
digenean per wahoo, and Watertor (1973)
discussed variations in infections of it from
tu nas. A general discussion on melanincontaining cells in teleosts was presen ted by
Roberts (1975), and Dubois' (1968; 1970)
synopsis covered the taxonomy and life
histories of most strigeoids. Overstreet
(1970; 1971a; 1971b; 1971c; 1977a) treated
M etadena spectanda, Saturnius maurepasi,
a nd the digeneans illustrated in Figures 143
to 145.
Some discussed works are still in progress.
H eard and I will describe the life history of
Phagicola longus, and I will report on
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ecological aspects of many parasites from
the Atlantic croaker including digeneans.
Courtney and Forrester (1974) reported on
the worms from the brown pelican. Some
he terophyids infect their intermediate hosts
in large numbers. Paperna and Overstreet
(in press) reported as many as 6,000
heterophyid metacercariae per gram of
tissue from some mullet in the Sinai.
Even though fishes do not act as paratenic
hosts for digeneans as frequently as for
cestodes, nematodes, and acanthocephalan s,
some still function in that role. So can
cephalopods (squids and related molluscs)
which p arallel fishes in man y respects in
addition to harboring the same digeneans
(Overstreet and Hochberg, 1975).
For a fairly recent disc u ss ion on
phylogenetic and taxonomic relationships
of digeneans, readers should refer to a paper
by Cable (1974). I hope Raymond Cable will
share more of his knowledge about cercariae
with us in the future.
Chuck Getter, a graduate student of
C . Richard Robins at the University of
Miami has been investigating the endangered key silverside, Menidia conchorum.
He sent me preserved material infected with
acanthostomes. Specimens of sheepshead
minnow a nd sailfin molly also had
infection s . To dat e, only three
acanthostomes have been reported from the
United States, and the larva, based on the
presence of 24 oral spines and other
c harac te rs, appeared most l ike
Acanthostomum coronarium (see Brooks
and Overstreet, 1977); however, we have
studied no crocodilian worms from South
Florida and additional species wi th similar
features may occur there.
Anatomical aspects of the four species of
marine aspidogastrids in the northern Gulf
have been treated by Hendrix a nd Overstreet
(1977).
A review of American paragonimiasis
including the pairing and encapsulation of
individuals was presented by SogandaresBernal and Seed (1973). Literature on many
marine zoonoses (parasites, including
digeneans, that could infect humans and,
in some cases, pets) has been synthesized by
Williams and Jones (1978).
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Nematodes
As he has done for other helminths,
Yamaguti (1961) has compiled a listing of
nema todes parasitic in vertebrates, a nd h e
included keys to genera and higher taxa.
These keys, but not the listings, have been
superseded by a series of keys edited by
Anderson, Chabaud, a nd Wi llmott ( 1974a,
1974b, 1975a, 1975b). Number 1 in this
series a lso includes a glossary wh ich should
straighten out some of the confusion among
term s. A series of books in Russian have
compiled much of the literature on some
groups, a nd a few have been tra nslated into
English (e .g., Skrjabi n, 1949; Ivashkin,
Sobolev, a nd Kh romova, 1971 ). A number o f
o ther books has been written on various
aspects of nematodes, a nd, for the present
p urposes, I mention those by Chitwood a nd
C hitwood (1950) and by Bird (1971 ) only.
Information on the striking reddish
camallanids in Gulf marine fishes has just
been published (Fusco and Overstreet,
1978). Spirocamallanus cricotus infects
sha llow inshore fishes. Actu ally more than
the 13 reported hosts can ha rbor infections.
In wa ter 27 meters a nd deeper, Spirocamallanus halitrophus infects at least
bothid flounders and a cusk-eel. Fusco
(1978b), using isoelectric focusing and
spectrophotometric characterization, has
differentiated hemoglobins of the Atlantic
croaker, ma le Spirocamallanus cricotus,
and female Spirocamallanus cricotus. He
( 1978a) also obtained experimenta l
infections of this worm in a harpacticoid
cop epod (Tigriopus californicus) and in the
white shrimp.
Adults of the common Thynnascaris
reliquens were described by Norris and
Overstreet ( 1975 ). T hose a uthors (1976) a lso
reported larval members of tha t genus in
invertebra tes and the a bility of at least one
member to invade mice. Ebert (1976)
examined this latter matter in more detail.
T homas Deardorff of GCRL hopes to relate
a few la rval species of T hynnascaris with
their adult forms. Much has been written
about the disease a nisakiasis, especially in
Japan. Oshima (1972) gave a good review
which has been updated by several workers
(e.g., Jackson, 1975; Margolis, 1977; and in
progress by J ohn Smith of the Department

of Agriculture & Fisheries for Scotland,
Aberdeen , Scotland).
A general treatment of nematodes in
marine fishes by Margolis (1970) gave a
fairly com p lete idea of the different major
groups infecting fi sh . More groups than
that, however, infect fish. A critical study
on the life cycle of Dioctophyma renale by
Mace and Anderson ( 1975) emended some of
the interpretations by Karmanova ( 1962),
who confirmed that earlier workers had
indeed mistaken a gordiacean larva from the
branchiobdellid from crayfish as Dioctophyma renale. The duck mortalities resulting fro m th e ir eati ng fish with
Eustrongyloides sp. were described by
Locke, DeWitt, Menzie, and Kerwin (1964) .
Rosenthal ( 1967) fed wild plankton to
larval herring and many of these young fish
apparent ly started d ying from la rva l
ascaridoid larvae after about 11 days. The
worms grew rapidly and were quite active.
After the fish reached 2 cm in leng th, they
became less seriously affected by the worm.
More studies of this nature should be conducted. Prob lems arise w h en u sing
predatory fish , however, because they
typ ically cannibalize weakened individua ls.
Con sequently, several p redatory fish cannot
occupy the same aquarium and at the same
time provide meaningful results.

Acanthocephalans
Yamaguti (1963b) listed the known
acanthocephalan s and presented keys to the
higher taxa. Golvan ( 1969) provided descriptions and keys to the species of
paleoacanthocephalans, a major group
infecting fishes. Authorities do not agree
about the higher classification of acanthocephalans, even though about 1000 species
have been described. W. Bullock (1969) discussed the a natomy of these worm s a nd
discussed many features in relation to their
use in classification a nd systematics. A more
recent treatment on the phylum was presented by Schmidt and Roberts ( 1977).
One of several papers o n acanthocephalans covers most of the marine fish
species in the northern G ulf (W. Bullock,
1957). Buckner, Overstreet, a nd Heard
(1978) reported intermediate hosts for

Tegorhynchus furcatus and Dollfusentis
chandleri, and Overstreet is preparing a
severa l-year ecological study on the latter
species in the Atlantic croaker.

Crustaceans
Kabata (1970) and Schmidt and R oberts
(1977) treated many aspects of crustacean
parasites. Kabata a lso h as o ther books in
progress which should be classics. Schultz's
(I 969) key can be u sed to iden tify most
American isopods, a nd Yamaguti 's (1963c)
book lists and illustrates most piscine
copepods.
The example discussing altered behavior
of infested menhaden was by Guthrie and
Kroger (1 974), a nd that on infested a nd debilitated gar was by Overstreet a nd Howse
(1 977).
Life cycles of isopods on fishes need
considerable attention, especia lly in ligh t of
the potentia l economic loss to cultured fish
ca used by isopods. A group of isopods n ot
mentioned in the first section because m embers do not app ear to be a problem in the
northern Gulf of Mexico is the Gnathiidae.
T hey may be a threat in south Florida. In
the Red Sea, one isopod tha t can bring fish
cu lture to a halt has been investigated
(Paperna and Por, in press; Paperna and
Overstreet, in press). The larval gnathiid
(p raniza), unlike the adult, obtains a blood
meal fro m a lmost a ny fish , leaving that fish
with integumentary wounds, a nemic, an d
often dead. The larva feeds on fluid from a
fis h's gills or skin for about 2 to 4 hours a t
n igh t and may do this three times before
molting into a n adult. A variety of fish
species maintained in cages near shore in
1 to 2 meters of water attracted the isopod,
but those in cages from deeper wa ter of 6 to
8 me ters abou t 100 m offsh ore did n ot. Once
attacked, an individual fish rarely becom es
infested again. After obtaining the blood
mea ls, the isopod molts to an adult in about
a week. Eggs develop in the female 's brood
pouch for about 3 weeks a nd th en the larvae,
n umbering about 90 in a full- sized female,
emerge. Larvae feed on fish after a bout 9 to
10 days of developmen t and live in the mud
in shallow habitats.
Information on life cycles of cymothoid
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species remains incomple te. Menzies,
Bowman, and Alverson ( 1955) pieced
together the cycle of L ironeca convexa on
the Pacific bumper. Presumably freeswimming juveniles find the appropriate
host, infest a nd feed on gill tissue, mo lt
into a male, transform into a fema le, mate,
and produce young as a comm ensal in the
h ost's m outh. A similar progression does
n ot occur for all species.
Two of the most trou blesome copepod
groups to identify a nd u nderstand are the
ergasilids and caligids. Roberts (1970) a nd
Johnson a nd Rogers (1973) provided keys
and da ta on the tin y ergasilids, and Paperna
and Zwerner (1976) gave a good example of
ecological aspects of an infestation of
Ergasilus labracis on the striped bass.
Margolis, Kabata, and Parker (1975) provided a catalogue and synopsis on the man y
sp ecies of Caligus, a nd Cressey ( 1967)
reviewed pandarids from elasmo branchs.
M y ron Lo m an h as in ves t igate d
Lernaeenicus radiatus in m y la bora tory.
Using the rock seabass as an intermediate
host, he obtained results similar to Shields
(1970), who used the black seabass from the
Atlantic coast. Copepodid larvae infest the
fish, pass through a cha limus stage, mate
(the male breaks i ts frontal filament and
transfers its sperma tophores to the female),
leave within 3 to 5 days, infest a nother fish ,
ma ture, and produce eggs within a week.
The Gulf killifish acted as a good final host,
but readily succumbed when more than a
couple of individuals infected it. Since over
100 infective larvae can infest a bass at one
time, a few killifish left with a bass in an
aquarium w ill u suall y die unless removed at
p roper intervals.
•
Con siderable data concerning biological
aspects of copepod s have been gathered.
Cressey a nd Collette ( 1970) provided a good
example o f copepod-needlefish relationships which could act as a guide for further
works on other copepod-host relation ships.
By examining the stomach contents of remoras, sharksuckers, and other diskfish ,
Cressey and Lach ner (1970) discovered that
copepods appeared to play different roles
as the food source for different diskfish.
Also, age of fish determined food preferences. Young R emora remora ate more
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parasites than older individuals, wh ereas
older Remora osteochir ate more than
youn ger fish . Bernett-Herkes (1974) found
that the presence of some copepods from
dolphin (fi sh) appeared to be influenced by
size of host and by the presence of other
copepod species.
Many argulids prove difficult to identify
using old literature. Most likely, such problems should be solved by preliminary and
future keys by Cressey (1972).

MISCELLANEOUS HOSTS
The American Alligator
The alligator harbors parasites that, for
the most part, can be seen with the naked
eye. Large nematodes in the stomach may be
one or a combination of at least four adult
ascaridoids. A new species of Goezia is being
described by Deardorff and Overstreet, and
the other three are being reviewed by John
Sprent of the University of Queensland. His
works will include most known crocodilian
nematodes.
The most conspicuous digeneans are the
acanthostomes. Sometimes hundreds of
the nearly I cm long species inhabit a single
alligator. Brooks and Overstreet ( 1977)
described or presented supplemen tal data on
the three known species from the United
States. Other digeneans occur in lesser
numbers in hosts inhabiting fresher waters.
Brooks, Overstreet, and Pence (1977) reported the proterodiplostomes, and Brooks and
Overstreet (1978) described the only
liolopid. The digenean Odhneriotrema
incommodum from southern Florida deserves comment because of its unusual
location even though it does not infect
a lligators in Mississippi and Louisiana.
This large worm attaches firmly to the
pharynx or buccal cavity of its host, and an
observer can see it by using extreme care. Its
life cycle presents a good example of a
parasite that infects a specific sex of
host. The Florida gar ( Lepisosteus
platyrhincus), which does not occur in
Mississippi, harbors the encysted metacercariae primarily in the ovary, hence a
preponderance of infections in the female
gar (Leigh, 1960).

By considering natural phylogenetic
groups of both crocodilians and crocodilian
digeneans, Brooks (dissertation in progress,
University of Mississippi) presented evidence that both groups evolved together.
About 200 million years ago all land masses
that harbor crocodilians today were joined
together as one body of land (North
America, South America, Africa, · Asia,
and Australia). By the end of the n ext 50
million years, that land mass had completely broken up. Because several species
of the worms belonging to the same genera
occur dispersed in most regions today a nd
because intermediate hosts of most groups
cannot tolerate saltwater, the actual or
ancestral digeneans appeared to already be
infecting crocodilians 200 million years
ago.
A stronger relationship between crocodilians and birds than between crocodilians
and other reptilians is suggested by the
presence of strigeoids, clinostomes, and
echinostomes inhabiting both crocodilians
and birds, but not other reptiles. Brooks
will provide details of the association in the
near future.
The presence of the turtle leech
Placobdella multilineata on the alligator
has been reported only recently (Forrester
and Sawyer, 1974) and then from Florida. In
Louisiana, it can be seen commonly on
gators in freshwater. Just as in Florida, the
hosts have a species of Haemogregarina
in the blood which could be transmitted by
that leech.
T he pentastome Sebekia oxycephala
occurs sometimes in large numbers in the
lungs of alligator hosts. It also occurred in
the liver and mesentery of some hosts. The
alligator acquired its infections from a
variety of fishes (Venard and Bangham,
1941; Dukes, Shealey, and Rogers, 1971).
Self ( 1969) presented a review and bibliography of pentastomes in general.

Birds
Symbionts and diseases of birds have been
treated exten sively in a book edited by
Davis, Anderson, Karstad, and Trainer
( 1971 ). Another general book by Rothschild
and Clay (1957) placed more emphasis on

the arthropods. In order to appreciate the
wealth of information available on the
h elminths of just the Anatidae, one can inspect the bibliography a nd cata logue by
McDonald (1969a; 1969b). Sources to
identify helminths are basically the same
as fo r helminths infecting fishes.
Marine and estuarine fish play a n important role in transmitting h elminths to
birds. As a lready shown earlier, they readily
transmit numerous digeneans and nematodes to birds. To a lesser extent, these
fishes transmit cestodes, acanthocephalans,
and other helminths. As an example,
kil lifishes can be cited for hosting cestodes
belonging to the genus Parvitaenia
which infect ibis, h erons, pelicans, and
other birds as determined by Richard H eard
(personal communication) and the roughly
5 cm long acanthocephalan Arhythmorhynchus frassoni which infects the clapper
rail (Nickol and Heard, 1970).
Much information known about parasites
of local birds has been reported by Danny
Pence of Texas Tech University who studied
the numerous nasal mites from Louisiana
birds (Pence, 1973b; 1975). In addition to
those parasites, he reported on a variety of
worms that have importa nce for different
reason s. As examples, the digenean
Amphimerus elongatus occurred in the
thousands in the bile ducts of the doublec res ted cormora n t, ca using extensive
cirrhosis and other pathological alterations
(Pense and Childs, 1972), and the nematode
T etrameres aspinosa encysted in pairs in the
p roventriculus of the snowy egret (Pence,
1973c). Nothing was particularly notable
a bout that tetramerid infection except that
anyone examining the proventriculus and
sto mach of any birds should be aware of the
p resen ce of those encysting nematodes. The
embedded blood-red female, rather than
looking nematode-like, is extended greatly
a bout the midbody. Either the males occur
encysted with the females in fibrous cysts or
free in the stomach or proventriculus, depending on the species. The conspicuous
cysts with red worms can be seen through
host tissue, appearing at first glance like
hemorrhagic lesions. An extensive review
of the group is in preparation by Tony
Moll hagen ( 1977, abstract) working under
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the d irection of Pence.
Pence (1973a) reported the pentastome
Reighardia sternae from gulls and terns in
Louisiana. It also infects the lungs and air
sacs of at least the laughing gull and
common tern in Ocean Springs. Rather
unique in that it infects birds, it may a lso
be unusual in not requiring an intermediate
host (Riley, 1972a). However, like the
species in the alligator, Reighardia sternae
may a lso be transmitted by fishes (Bakke,
1972). Those interested in the variety of
feeding mechanisms that parasites use to
ingest host blood should con sult papers by
Riley (1972b; 1973) who reported observations a nd described the method used by this
pentastome.
In order to identify a nd study arthropods,
a reader could initiate his literature search
using publications by Emerson ( 1972a;
1972b; 1972c) for lice, Cooley and Kohls
(1945) for ticks, Pence (1972) for subcutaneous h ypopial mites, and Pence (1975)
for nasal mites. The reference to the bloody
ulcers produced by a louse in the mouth of
the white pelican was by Wobeser, Johnson,
and Acompanado (1974) and that to the
possible evolutionary history of flamingolice was by Rothschild and Clay (1957).
This latter relationship among the
flamingos and other groups remains unsettled. O steological evidence based on a
c ombination of chara c te rs of fo ssil
flamingolike waders from the Lower Eocene
supports the relationship of flam ingos
with anseriforms (ducks) and also with
charadriiforms (shorebirds ) (Feduccia,
1976). In fact, similarities in cestodes occur
between flamingos and shorebirds (Baer,
1957). However, the consensus of most
present-day ornithologists (Oscar T. Owre,
personal communication) supports Sibley
and Ahlquist (1972) who believe that flamingos, while related to ducks, align closer
with Ciconiiformes (herons), a nd that, as
suggested by Mayer and von Keler (see review by Sibley and Ahlquist), the lice
transferred recently from waterfowl to
flamingos. As possible tools to help solve
the problem, the affinities of quill mites
(syringophilids) and nasal mites (dermanyssids) from flamingos should be investigated.
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Some important protozoans, bacteria, a nd
viruses of wild birds have been treated in
some detail by Davis, Anderson, Karstad,
and Trainer (1971 ). Levine (1973 ) covered
many more prot0zoan s, including
Sarcocystis rileyz.
Marine Mammals
Marine mammalian parasites have been
described in a book (Delyamure, 1955) and
compiled in to a checklist (Dailey and
Brownell, 1972) in an other book that provides a w ide range of d iverse information on
these mammals (Ridgway, 1972). An annotated treatment of porpoise parasites
(Za m , Caldwell, and Ca ldwell, 197 1)
supplements a rev iew on this host's common diseases encoun tered by veterinarians
(Sweeney and Ridgway, 1975). Lowery
(1974) d iscussed marine mammals in the
northern Gulf, Gunter and Overstreet ( 1974)
reported parasites from a dwarf sperm whale
in Mississippi Sound, and I have seen a ll the
dolphin parasites discu ssed earlier in hosts
from Mississippi. David Gibson and Rod
Bray have designed a di splay of the large
species of Crassicauda for the British
Museum (Natural H istory).
The possible role of campulids in single
strandings was suggested by Ridgway and
Dailey ( 1972). Perhaps multiple strandings
could result from a dominant leader being
affected by parasites and the subordina tes
following that leader to beach themselves
regardless of the consequences. Other
parasites also have the potential to interfere
with the "sonar" system in these a nimals.

MISCELLANEOUS SYMBIONT$

A review of the mermithids was presented
by Nickle (1972). Petersen (1973) is one of
severa l who have reported on the use of these
nematodes in controlling mosquito populations. Presently, one species, Reesimermis
nielseni, has been especially fruitfu l for
this purpose. It feeds on the hemolymph of
and kills over 20 species of mosquitoes. The
larva can successfully infect a large
percentage of a mosquito population. Since
the worm does not feed after it leaves its

host-mosquito, it can be handled easily, and
the preparasitic juvenile can be reared and
collected in large numbers. Preliminary
field applications of 1000 larvae per square
meter killed most of the mosquitoes, and the
worm became permanently established in
some of the sites (Petersen and Willis, 1972).
T he illustra ted midge with the mermithid
came from Simmon's Bayou near Ocean
Springs when the salinity was 6 ppt (14
April 1977) and the associated animals consisted primarily of estuarine species.
A classic work on nematomorphs by May
(1919) described the life histories of two
species, and both Pennak (1953) and Cheng
(197 3) provided a general treatment of the
group. Born (1967) reported Nectonema
agile from the grass shrimp.
The leech Stibarobdella macrothela was
recently treated by Sawyer, Lawler, and
Overstreet (1975) and by Penner and Raj
(1977). A few turbellarians were discussed
as symbionts of oysters; Jennings (1974)
discussed many more and showed prog ressive stages from totally free-living
to parasitic.
Barnacles from bands on the dusky shark
were collected by Tom Mattis while in
search of elusive tapeworms. William A.
Newman of Scripps Institution of Ocean ography identified Conchoderma auritum
and Cindy van Duyne of North Central
College in Naperville, Illinois, identified
the other two. According to Newman (personal communication ), Conchoderma
auritum usually attaches to sessile
barnacles on whales, but sometimes occurs
on baleen or on the teeth of toothed
cetaceans when their lips are damaged.
Newman got one off a submarine. Dawson
( 1969) previously reported the only record of
Conchoderma virgatum from the Gulf of
Mexico and listed cases in other parts of
- the world where the organism a ttached
directly to fishes and to parasitic copepods.
Unexpectedly, all hosts are not those that
bask or remain in surface water where one
might consider the barnacle's larvae most
able to infest hosts.
Biting gnats (Culicoides spp.) that occur
in the northern Gulf have been studied from
several localities, and their activities differ
some from place to place (Khalaf, 1967,

1969; Kline and Axtell, 1976). Because there
was a dense population of Culicoides
hollensis last fall (1977) and because the
weather has been so nice during the early
weeks of this spring, the present population
of gnats has me satisfied being inside
writing this booklet rather than being
outside.
According to Robert C. Lowrie, Jr.
(personal communication, Delta P rimate
Center), our populations of gnats have not
been implicated in transmitting viruses nor
hosting any local filarid nematodes. Lowrie
has examined many individuals and never
seen natural filarial infections; however, he
found local gnats to experimentally support
some exotic filaria.

FISH-KILLS AND
MISCELLANEOUS DISEASES
Often a fish -kill resu l ts from a
combination of factors. Comments on the
physiology of fish related to a cold-kill were
trea ted by Overstreet (1974). Gunter (1941 )
and Moore (1976) are two of several who
have reported on fishes killed by the cold in
Texas where such mortalities occur more
frequently than in Mississippi. May (1973)
reported on the occurrence of jubilees in
Mobile Bay and how the first account was in
1867 even though he searched documents
dating back to 1821 which sh ould h ave
mentioned early periodic fish-ki lls if they
had been present. According to May, the
reason for the increasing freq uency of
jubilees appears to be the decreasing ability
for the water of Mobile Bay to transport,
deposit, dilute, and assimilate the amount of
organic matter in the bottom water. Most of
the matter comes from natural sources of
wood and leaves, but is supplemented by the
increased amount of domestic wastes.
The jubilees in Mississippi, according to
Charles Lyles (personal communication,
G u lf States Marine Fisheries Commission),
and possibly those in Alabama, too, resu lt
from plankton blooms. Lyles has observed
ma ny jubilees along Bel lefontai ne Beach
since the late l 930's and found severa l items
common to all. They occur during neap
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tides (tides with smallest differences between
high and low tide occurring after the first
and last quarters of the moon) at night
between late June and early September. Usually rain precedes them, and the well-defined affected water has a tea color. Apparently the proper nutrients allow succession of a phytoplankter that migh t
produce a simila r toxin to that o f d inoflagellate blooms of a red tide or a condition
that o therwise creates an u nhealthy water
mass. T hese j ubilees certainly demand critical investigation!
Numerous papers deal with red tide. Not
until recently, however, has a n yone
critically examined dead and dying animals.
Quick a nd Henderson (1974, 1975) report
such findings, and Forrester and o thers
( 1977) go into more detail a nd speculation
concerning an epizootic affecting lesser
scaup.
Sources of pollution are being examined
more extensively in recent years because of
an increased concern for the en vironment.
Overstreet and Howse ( 1977) briefly
reviewed pesticides, heavy metals, and other
sources of pollution and possible stressrelated diseases in Mississippi estua ries.
Pollution-sources from other regions have
also been documented (e.g ., Alabama by
Crance, 197 I). More extensive studies have
dealt wi th poten tial and actual problems in
Chesapeake Bay (McErlean, Kerby, a nd
Wass, 1972). Sindermann (person al
comm unication) is preparing a review of
various diseases associated with aqua tic
pollution.
Deaths and disease in the natural marine
environment a re hard to document and the
causes even harder to determine. Usuall y a
combination of factors a ct together. One of
those factors is often temperature. Some
fish, especially pelagic ones, swim faster
when the temperature is either raised or
decreased under experimental conditio ns
(Ol la , Studholme, Bejda, Samet, and
Martin, 1975). Increases in localized water
temperatures a re rapidly becoming normal
biproducts of modern technology (e.g.,
Cairns, 1972). Primarily because of power
plants, critical research has been conducted
on the effects of fish by increased temperature combined with chlorine (Meldrin,
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G ift, a nd Petrosky, 1974) and with other
chemicals (Cairns, H ealth, and Parker,
1975).
In addition to n atura l mortalities cau sed
by a rapid drop in temperature, mortali ties
can a lso result from sudden rainfall and
storms. Dawson (1965) documented deaths
of the lancelet (Branchiostoma caribaeum )
in Mississipp i following heavy rains with a
subsequent drop in salinity . Most likely
other animals a lso die under such adverse
conditions. Storms ca n kill fish, especia lly
tra nsient species no t norma lly occupying
shallow insh ore regions (Ro bins, 1957). The
fishes accumulate sediment in their gill
cham bers. and their gills fray. Regular
inhabitants of shallow, wi nd-e xposed
regions appear capable of w ithstanding
considera ble turbulence.
Human activi ties have now stressed the
environment to a greater degree tha n
corresponding means have been designed to
protect that environment. Our wastes and
o ther activities a re taking th eir toll on the
environment. Unfortunately, onl y when
fish die in la rge numbers do people worry
about the problems. Would many p eople be
con cerned about dumping sewage sludge in
the New York Bight had not there been a n
extensive kill (Bullock, 1976)? Dredging,
bulkhead ing, a nd filling in natural marshes
seldom cause exten sive fi sh-kills, but those
activities n evertheless decrease numbers of
animals (e.g.. Trent, P u llen , Proctor, 1976).
Even flushing detergen ts into our waters has
serious effects (Abel, 1974), but these effects
seldom meet public view. Man needs
sound e r manage m ent progra m s, and
perhaps these should be oriented toward
protecting important ecosystems ra ther
than protecting specific species. Cairns
(1975) commented on this strategy and on
the fact that our actions do n ot match our
p ublic statem ents. In order for substan tia l
changes to occur, the life styles of people
must a lso change.
As pointed o ut severa l times, the most
important factor in transforming an
infection into a disease is stress. A readable
book by Wedemeyer, Meyer, and Smith
(1976) on this problem provides a valuable
background in regard to fishes.
A recent compila tion of contributions on

genetics a nd mutagenesis of fis hes goes into
considerable detail o n many aspects of
genetics (Schroder, 1973). Investigations
into chromosomal anomalies in marine
fishes have been recent a nd very fruitful
(Longwell, 1976). Apparently Longwell's
methods of detecting a noma lies allow
evaluation of material from museum
co llections and thereby a mean s o f
comparing collections from pas t years when
the water was relatively clean with those
collected recently from the sam e regions
a fter water-qua lity had deteriorated. She
(personal communication ) has been
compiling much more extensive data that
corrobora te h er earlier findings.
Nutrition of fish has been covered in
detail in a book edited by Ha Iver ( 1972), and
that book gave a number of examples a nd
references which should guide any studen t
interested in different aspects of nutrition.
Exa mples of scoliosis (spinal column
twisted in a sideways direction ) such as that
sh own for the striped mullet (M ugil
cephalus) as well as cases o f lordosis (spina l
c urvature tending toward a ve rti ca l
direction) are presented. Diets deficient in
tryptopha n or ascorbic acid produce both
conditions experimenta lly as does a lack of
calcium phosphate or an infection with a
few different bacteria and parasites. Another
book (Neuhaus and Halver, 1969) also
covered nutrition, metabolism, genetics,
and cancer. Representatives of most tumors
from fishes that have been studied scientifically have been deposited in the "Registry of
Tumors in Lower Animals " at the National
Muse um of Na tural History. J o hn
Harshbarger, who directs tha t registry and
identifies most of the neoplasms, has
publish ed ex tensively on the available
material (e.g., 1977). T hat p aper occurs with
several others in a volume on "Aquatic
Pollutants and Biological Effects with
Emphasis on Neoplasia" (Kraybill, Dawe,
Harshbarger, and Tardiff, 1977). Edwards
and Overstreet ( I 976) reported on the
n eoplasms in the striped m ullet, and
Overstreet and Edwards (1976) also reported
benign fibromas in the southern flounder
a nd sea catfish and reviewed the observa tions o f other tumors from the northern
Gulf.

T hat ma n y tumors a nd other diseases are
caused by environmental contaminants is
based a lmost entirely on circum stantial
evidence. Aquatic examples have been
documented primarily from freshwa ter
habitats because such habitats are often
excessively polluted and because specimen s
are ea sier to collect from these confined
regions than from open marine and
estuarine ones. Edwards and Overstreet
(1976) suspected the tumor on mullet might
res ult from po llutan ts. Mearns and
S h e rwood ( 1976) a lso consid ered this
possibility for skin tumors in a southern
California flatfish, but did not think
improvements in municipal waste treatments would reduce the prevalence of
tumors unless the improvements increased
the number of young fish. They (Sherwood
and Mearns, 1977), h owever, presented
strong observational a nd experimenta l
evidence linking chlorinated h ydrocarbon
pollutants (e.g., DDT) with fin-erosion in
the same fla tfish exposed to the discharged
municipal waste wa ter.
Many examples of injuries that cause
a nomalies have been indexed in the
bibliographies by Dawson ( 1964; 1966; 1971 )
a nd Dawson and Heal (1976). Bird (1 978)
reported straps encircling carcharhinid
sharks, including a postscript on the
affected dusky sharks mentioned in the
present treatment of barnacle symbionts.
T h e Atla ntic croaker with its rubber band
was reported by Oversteet and Lyles (1974).
Even though a few fi sh erm en ma y
deliberately place a band about a fish as a
joke, most fish ring themselves naturally.
Lamont (1961 ) poi_nted out the abundance
of mackerel ringed with contraceptives
occurring near sewage effluents.
Dawson's bibliographies cited referen ces
to all types of anomalies, including those of
flatfish . According to the literature, reversal
in Eutropus crossotus is rare. Taylor,
Stickney, and H eard (1973) reported thefirst
case from Georgia, and James Ray Warren
in the Fisheries Section at the Gulf Coast
Research La boratory , who found the
specimen photographed above in Back Bay
of Biloxi has found only one other example
of a reversed fringed flounder, and it
occurred in a pass off Horn Island. Dawson

( 1962) and Moore and Posey ( 1974) described
a nd reviewed many abnormalities in the
hogchoker. Norman (1934) and G udger
(1934) la id the founda tion for discussing
anomalies in flatfishes, and that foundation
conti nues to be built upon today.

Est ut omne hoc vob z-s stercus sit,
sed mihi panis et butyrum est.
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and 112), J.T. O g le (Fig. 4), H .M. Perry (Figs. 30, 31,
a nd 39), J .R. Warren (Figs. 32, 34, 39, and 192), and
some others by summer students.

LITERATURE CITED
ABBOTT, R.T., 1974.A mericanSeashells. The Marine
Mollusca of the Atlantic and Pacific Coasts of North
America. 663 pp. New York: Van Nostrand
Reinhold .
ABEL, P.D .. 1974. Toxicity of synthetic detergents to
fish and aquatic invertebrates. journal of Fish
Biology 6(3): 279-298.
ADKI NS, G .. 1972. A study of the blue crab fishery in
Louisiana. Louisiana W ild Life and Fisheries Commission Technical Bulletin No. 3:1-57.
ALDRICH, D.V., 1965. Observations on the ecology
and life cycle of Prochristianella penaei Kruse
(Cestoda: Trypanorhyncha) . The journal of Parasitology 51(3): 370-376.
ALLEN. J.F., 1958. Feeding habits of two species of
Odostomia. Nautilus 72(1):11-15.
ANDERSON, G ., 1975a. Larval metabolism of the
cpicaridian isopod parasite Probopyrus pandalicola
a nd me tabolic effects of P. pandalicola o n i ts copepod intermediate host Acartia tonsa. Comparative
Biochemistry and Physiology 50(4A):747-751.
ANDERSON, G., 1975b. Metabolic response of the
caridean shrimp Palaemonetes pugio to infection by
the adult epibranchial isopod parasite Probopyrus
pandalicola. Comparative Biochemistry and Physiology 52(1A):201-207.
ANDERSON, R.C., A.G. CHABAUD, AND S.
WILLMOTT (eds.), 1974a. CIH Keys to the Nematode Parasites of Verteb rates. No. I. General
Introduction, Glossary of Terms, by S. Willmott,
Keys to Subclasses, Orders and Superfamilies, by
A.G. C habaud. 17 pp. Farnham Royal: Commonwealth Agricultural Bureaux.
ANDERSON, R.C., A.G. CHABAUD, AND S.
WILLMOTT (eds.), 1974b. CIH Keys to the Nematode Parasites of Vertebrates. No. 2. Keys to Genera

Literature Cited
of the Ascaridoidea, by G. H artwich. 15 pp.
Farnham Royal: Commo n wealth Agricultural
Bureaux.
ANDERSON, R.C., A.G. CH ABAUD, AND S.
WILLMOTT (eds.), 1975a. CIH Keys to the Nematode Parasites of Vertebrates. No. 3. Keys to Genera
of the Order Spirurida. Part / . Camallanoidea,
Dracunculoidea, Gnathostomatoidea, Physalopteroidea, Rictularioidea and Thelazioidea, by A.G .
Chabaud. 27 pp. Farnham Royal: Commonwealth
Agricultural Bureaux.
ANDER SON, R.C., A.G. C HABAUD, AND S.
WILLMOTT (eds.), 1975b. CIH Keys to the Nematode Parasites of Vertebrates. No. 3. Keys to Genera of
the Order Spirurida. Part 2. Spiruroidea, Habronematoidea and Acuarioidea, by A.G. Chabaud. 58
pp. Farnham R oyal: Com monwealth Agricultura l
Bureaux.
AN DREvVS, J.D. AND W.G. HEWATT, 1957. Oyster
mortality studies in Virginia. II. The fungus disease
caused by Dermocystidium marinum in oysters of
Chesapeake Bay. Ecological Monographs 27( I):
1-25.
ANDREWS, J.D., J.L. WOOD, AND H.D. HOESE,
1962. O yster morta lity swdies in Virginia: III.
Epizootiology of a disease caused by Haplosporidium costale Wood and Andrews. journal of Insect
Patholog·)' 4(3): 327-343.
BAER, J.C., 1957. Repartition et endernicite des cestodes chez Jes reptiles, oiseaux et marnrnif[, ~s. In
Premier Symposium sur la Specificite Parasitazredes
Parasites de Vertebres. International Union of
Biological Sciences Series B 32:270-292.
BAILEY, R.M. (ch.), J. E. FITCH, E.S. HERALD, E.A.
LACHNER, C.C. LINDSEY, C.R. ROBI NS, AND
W.B. SCOTT, 1970. A List of Common and
Scientific Names of Fishes from the United States
and Canada. 3rd ed. American Fisheries Society
Special Publication No. 6:1-150.
BAKKE, T.A., 1972. Reighardiasternae(Diesing, 1864)
Ward, 1899 [Pentastomida; Cephalobaenida] from
the common gull (Larus canus L.) in a Norwegian
locality. Norwegian journal of Zoology 20(4):
273-277.
BECKER, C.D., 1970. Haernatozoa of fishes, with
emphasis on North American records. In A Symposium on Diseases of Fishes and Shellfishes (ed. S.F.
Snieszko), American Fisheries Society Special
Publication No. 5:82-100.
BECKER, C.D., 1977. Flagellate parasites of fish . In
Parasitic Protozoa, Vol. 1, pp. 357-416. New York:
Academic Press.
BIGELOW, H.B. AND W.C. SCHROEDER, 1948.
Sharks. In Fishes of the Western North Atla;1tic.
Memoirs. Sears Foundation for Marine R esearch 1
(Pt. 1):59-576.
BIRD, A.F., 1971. The Structure of Nematodes.3 18 pp.
New York: Academic Press.
BIRD, P.M ., 1978. Tissue regeneration in three
carcharhinid sharks encircled by embedded straps.
Copeia 1978(2):345-349.

BLACKFORD, S.K., 1966. A Study of Certain Aspects
of the Ecology and Morphology of Branchiobdellid
Annelids Epizoic on Callinectes sapidus. H o nors
Thesis, Newcomb College, New Orleans, Louisiana.
34 pp.
BLAKE, J.A., 1971. Revision of the genus Polydora
from the east coast of North America ( Polychaeta:
Spionidae). Smithsonian Cont ributions to
Zoology No. 75:1-32.
BLAND, C .E., 1975. Fungal d iseases of marine
Crustacea. Proceedings of the Third U.S .-Japan
Meeting on Aquaculture at Tokyo, Japan,
Oct. 15-16, 1974. pp. 41-48. Niigata: Fishery Agency,
Japanese Government and Japan Sea Regional
Fisheries R esearch Laboratory.
BLAND, C.E. AND H.V. AMERSON, 1973a. Electron
microscopy of zoosporogenesis in the marine
phycornycete, Lagenidium callinectes Couch .
Archiv filr Mikrobiologie 94:47-64.
BLAND, C.E. AND H.V. AMERSON, 1973b. Observations on Lagenidium callinectes: Isolation and
sporangial development. Mycologia 65(2):310-320.
BLAND, C.E., D.G. RUCH, B.R. SALSER, AND
D.V. LIGHTN ER , 1976. Chemical control of
Lagenidium, a fungal pathogen of marin e
Crustacea. 38 pp. UNC-SG-76-02. Raleigh: U ni versity of North Carolina Sea Grant Program, 1235
Burlington Laboratories, North Carolina State
University.
BORN, J.W. , 1967. Palaemonetes vulgaris (Crustacea,
Decapoda) as host for the juvenile stage of
Nectonema agile (Nernatornorpha). The Journal of
Parasitology 53(4):793-794.
BRADBURY, P.C., J.C. CLAMP, AND J.T. LYON,
III, 1974. Terebrospira chattoni sp. n., a parasite of
the endocuticle of the shrimp Palaemonetes pugio
Holthuis. The Journal of Protozoology 21(5):
678-686.
BRADBURY, P.C. AND V. GOYAL, 1976. The fine
structure of a parasitic ciliate Terebrospira during
inges t ion of the e xoskeleton of a shrimp
Palaemonetes. Tissue and Cell 8(4):573-582.
BRIDGMAN, J.F., 1969. Life cycles of Carneophallus
choanophallus n. sp. and C. basodactylophallus
n. sp. (Trematoda: Microphallidae). Tulane Studies
in Zoology and Botany 15(3):81-105.
BROOKS, D.R. AND R.M. OVERSTREET, 1977.
Acanthosto rn e digenea n s from the American
alligator in the southeastern U ni ted States.
Proceedings of the Biological Society of Wash ington
90(4):1016-1029.
BROOKS, D.R. AND R.M. OVERSTREET, 1978. T he
family Liolopidae (Digenea) including a new genus
and two new species from crocodi lians. International
Journal for Parasitology (in press).
BROOKS, D.R., R.M. OVERSTREET, AND D.B.
PENCE, 1977. New records of proterodiplostome
digeneans from Alligator mississippiensis and
Caiman crocodilus fuscus. Proceedings of the
Helminthological Society of Washington 44(2):237238.

123

BUCHANAN, R.E. AND N.E. GIBBONS (eds.), 1974.
Bergey's Manual of Determinative Bacteriology.
8th ed. 1268 pp. Baltimore: Williams and Wilkins.
BUCKNER, R.L. , R.M. OVERSTREET, AND R.W.
HEARD, 1978. Intermediate hosts for Tegorh)•nchus
furcatus and Dollfusentis chandleri (Acanthocephala). Proceedings of the Helminthological
Society of Washington (in press).
BULLA, L.A., JR. AND T.C. CHENG (eds.). 1976.
Comparative Pathobiology. Vol. 1. Biology of the
Microsporidia. 371 pp. New York: Plenum Press.
BULLA, L.A., JR. AND T.C. C HENG (eds.), 1977.
Comparative Pathobiology. Vol. 2. Systematics of
the Microsporidia. 510 pp. New York : Plenum PrC'ss.
BULLOCH, D.K. , 1976. Ocean kill in the 1ew York
Bight - summer 1976. Underwater Naturalist
10(1 ):4-12.
BULLOCK, G.L., 1971. Identification of Fish
Pathogenic Bacteria, Book 2B. In Diseases of Fishes
(eds. S.F. Snieszko and H.R. Axelrod), pp. 1-41.
Jersey Ci ty: T.F.H. Publications.
BULLOCK , G.L., D .A. CONROY, AND S. F.
SNIESZKO, 1971. Bacterial Diseases of Fishes,
Book 2A . In Diseases of Fishes (eds. S .F. Snicszko and
H .R. Axelrod), pp. 1-151. J ersey City: T.F.H. Publications.
BULLOCK, W .L. , 1957. The acanthocephalan
parasites of the fishes of the Texas coast. Publications
of the Institute of Marine Science 4(2):278-283.
BU LLOCK, W.L., 1966. En/amoeba gadi sp.n . from
the rectum of the pollock. Po/lachius i,irens (L ..
1758), with some observations on its cytochemistry.
The Journal of Parasitology 52(4 ):679-684.
BU LLOCK, W.L., 1969. Morphological features as
tools a nd and as pitfalls in acanthocephalan
systematics. In Problems in Systematics of Parasites
(ed. G.D. Schm idt), pp. 9-45. Baltimore: Un iversit y
Park Press.
BURNETT-HERKES, J., 1974. Parasites of the gills
and buccal cavity of the dolphin, Coryphaena
hippurus, from the Straits of Florida. Transactions
of the American Fisheries Society I 03( 1): I 01 - J06.
CABLE, R.M. , 1974. Phylogeny and taxonomy of
trematodes with reference 10 marine species. In
Symbiosis in the Sea (ed . W.B . Vernberg).
pp. 173-193. Columbia: Universi ty of South Caroli na
Press.
CAIRNS . .)., JR., 1972. Coping with heat rd waste water
discharges from steam -electric power pla nt s.
Bioscience 22(7):411-420.
CAIRNS, J., JR., 1975. Critical species, including man,
within the biosphere. Die Naturwissenschaften
62:193-199.
CAIRNS, J., JR., A.G. HEATH, AND B.C. PARKER,
1975. The effects of temperature upon the toxicity of
chem icals LO aquatic organisms. Hydrobiologia
47(1):135-171.
CAKE, E.W., JR., 1976. A key to larval cestodes of
shallow-water, benthic mollusks of the northern

124

Litera ture C ited

Marine Maladies?

Gulf of Mexico. Proceedings of the Helminthological Society of Washington 43(2): 160-171.

shrimp and the blue crab (Callinectes sa pidus) .
journal of Wildlife Diseases 9(2): 154-159.

CAM PBELL. R.A. AND J. CARVAJAL, 1975. A
revision of some trypanorhynchs from the western
North A1la111ic described by Edwin Linton. Th e
journal of Parasitology 61(6):1016-1022.

COOK, D.W. AND S.R. LOFTON, 1975. Pathogenicity studies with a Streptococcus sp. isolated
from fi shes in a n Alabama-Florida fish kill.
Transaction s of the American Fisheries Society
I04(2):286-288.

CAR RI KER , M.R., E.H . SMITH , AND R.T. WILCE
(eds.). 1969. Penetration of calcium carbonate
substrates by lower p lants and invertebrates.
American Zoolog ist 9(3, ed. 2):629-1020.
C H ENG. T.C., 1967. Marine molluscs as hosts [or
symbioses with a review of known parasites of
commercially important species. Advances in Marine
Biology 5: 1-424.
CHENG .. T.C.. 1973. General Parasitology. 965 pp .
New York: Academic Press.
CHITWOOD, B.G. AND M. B. CHITWOOD, 1950.
In troduction to Nematology. 334 pp. Ba ltimore:
University Park Press.
CHRISTENSEN. A.M . AND J.J. McDERMOTf.
1958. Life-hi story a nd biology of the oyster crab,
Pinnotheres ostreum Say. Biological Bulletin
11 4(2): 146- 179.
C HRISTMAS. .J.Y .. 1969. Parasitic barnacles in
Mississippi estuaries with special reference to
Loxothylacus texanus Boschma in the blue crab
(Callinectes sapidus). Proceedings of the TwentySecond Annual Conference, Southeastern Association of Game and Fish Commissioners, pp. 272-275.
CHRISTMAS. j.Y. AND D.J. ETZOLD (eds.), 1977.
The shrimp fishery of the Gulf of Mexico Un ited
States: A regio nal management plan. Gulf Coast
R esearch Laboratory T echnical Report Series
No. 2:1-128.
CLAM P, J.C. , 1973. Observations on the host-symbiont relationships of Lagenophrys lunatus Imamura.
The j ou rnal of Protozoology 20(5):588-561.
COKER, R.E., I 902 . No tes on a species of barnacle
(Dichelaspis) parasitic on the gills of edible crabs.
Bulletin of The U nited States Fish Commision (for
! 901) 21 :399-412.
COLWELL, R .R .. T.C. WICKS , AND H.S .
T UBIASH, 1975. A comparative study of the
bacterial flora of the hemolymph of Callinectes
sapidus. Marine Fisheries Review 37(5-6):29-33.
COMPAGNO, L.j.V. , 1973. Interrelation ships of
Ii ving elasmobranchs. In Interrelationships of Fishes
(eds . P.H. Greenwood, R.S. Miles, and C. Pa tterson),
Zoological journal of the L innean Society 53
(Suppl. 1):15-61.
COMPAGNO, L.J.V .. 1977. Phyletic relationships of
living sharks and rays. American Zoologist 17(2):
303-322.
COOK, H.L. AND M.J. LINDNER, I970. Synopsis of
biological data on the brown shrimp Penaeus aztecus
aztecus Ives, 1891. FAO Fisheries Report 57(4):
1471 -1497.
COOK, D.W. AND S.R. LOFTON, 1973. Chitinoclastic bacteria associated with shell disease in Penaeus

COOLEY, R .A. AND G .M. KO HLS, 1945. The gen us
Ixodes in 1orth America . National Institute of
H ealth Bulletin, U.S. Public Health Service 184:
1-246.
COR KERN. C.C., JR., 1970. I nvestigations on
Helminths from the H e patopancreas of the Brown
S hrimp, Penaeus aztecus Ives, from Galveston Bay,
T exas. M.S. thesis, Texas A&M U niversity, College
Station. 51 pp.
CORKERN. C.C., II, 1978. A larval cyclophylliclean
(Cestocla) parasite of brown and wh ite shrimp. 2 pp.
FOOL S-10. College Station: Fish Disease Diagnostic
Laboratory, Texas Agric ultural Extension Service,
Department of Wildlife and Fisheries Sciences, T exas
A&M University System.
CORLISS , j.O., 1974a. The changi ng world of ciliate
systematics: historical analysis of past efforts and a
newly proposed phylogenetic scheme of classi fication for the protistan phylum Ciliophora.
Systematic Zoology 23( I ):91-138.
CORLISS, j.O., 1974b. Remarks on th ecomposi1i9 n of
the large ciliate class Kine tofragmophora de
Puytorac et al., 1974, a nd recogniton of several new
taxa there in. with emphasis on the primi tive order
Primocil iatida n. ord . The journal of Protozoology
21 (2):207-220.
CO UCH , j.A., 1966. Two peritrichouscilia tes from the
gills of the blue crab. Chesapeake Science 7(3):
171-173.
COUCH, j. A., 1967. A new species of Lagenoph rys
(Ciliatea: Peritrichida: Lagenophryiclae) from a
marine crab, Callinectes sapidus. Transactions of the
American Microscop ical Society 86(2):204-211.
COUCH . J.A., 1973. Ultrastructural and protargol
studies of Lagenophrys callinectes (Ciliophora:
Peri trichicla). The Journal of Protozoology 20(5):
638-647.
COUCH, J.A., 1974a. Pathologica l effects of
U rosporidium (Haplospo rida ) infect ion en
microphaJlid metacercariae. j ournal of Inverteb rate
Pathology 23(3):389-396.
COUCH, J.A., 1974b. Free and occl uded virus, similar
t0 Bacu lovirus, in hepa topancreas o [ pink shrimp.
N ature 247(5438):229-23 I.
COUCH, JA., 1974c. An enzootic nuclear polyhedrosis
virus of pink shrimp: ultrastructure, prevalence, a nd
en hancement. Journa l of lnvertebrat.e Pathology
24(3):3 11-331 .
COUCH, J.A. , 1977. Ultrastructural study of lesions in
gills of a marine shrimp exposed to cadmium .
journal of Invertebrate Pathology 29(3):267-288.
COUCH, j.A., 1978. Diseases, parasites, and t◊xic
responses of commercial penaeicl shrimps of the Gui[

of Mexico and south Atlantic coasts of North
America. Fishe ry Bulletin 76( I): 1-44.
COUCH, J.A. AN D L. COURTN EY, 1977. In teracr ion
of c hemical poll utan ts and virus in a crustacean:
a novel bioassay system . In Aquatic Pollutants and
Biologic Effects with Emphasis on Neoplasia (eels.
H.F. Kraybill. C.J. Dawe, J.C. Harshbarger. and
R. G. Tardiff), Annals of The New Yo rk Academy of
Sciences 298:497-504.
COUCH, J.A., C.A. FARLEY, AND A. ROSEN FIELD, 1966. Sporulation of Minchinia nelsoni
(Haplosporida, Haplosporicliidae) in Crassostrea
virginica (Gmelin ). Science 153(3743 ): 1529- 153 I.
COUCH. J.A. AND A. ROSENFIELD, 1968. Epizooti ology of M inchinia costalis and Minrhin ia nt'lsoni
in oysters introduced in to C hincoteague Bay.
Virginia. Proceedings of the National Sh el/fisheries
Association 58:51-59.
COU RTNEY, C.H . AND D.j. FO RRESTER. 1974.
H elmint h parasites of the brown pelican in Florida
and Louisiana . Proceedings of the H elminthological
Society of Washington 41 ( 1):89-93.
CRANCE, j.H., 1971. Description of Alabama
eswa rine areas - cooperative Gulf of Mexico
estuarine inventory. Alabama Marin e R esou rces
Bulletin 6:1-85.
C R ESSEY, R ., 1967. Revision of the family Pandaridae
(Copepoda: Caligoida). Proceedings of the United
States N ational Museum 121 (3570):1- 133.

125

D'ASARO. C.N .. 1966. The egg capsules. emb,yogenesis of a com mon oystn predator. Thais hae111astoma f/o ridana (Gastropoda : Proso bran, h ia J.
Bulletin of Marine Science 16(1 ):884-914.
DAUG H ERTY, S..J .. 1969. .,/spect., uf the 1-:<nlog\'. l.if,H istor y . and llo:,t-Parasile lfrlatio11,l11 /1 o f
Loxothylacus panopa<'i (Sacculi111dao 111 C:hrsapeahe Ba y. M.A. thesis. Colkg('(if \l'illiam and :I-lat,.
Williamsburg. Virginia. 69 pp.
DAVENPORT. D.. C. CAMO L1C IS. AND J. F.
HI C KO K. 1960. Ana lyses ol the hd1;1\iot11 of
commcnsals in host-fannr. I . . \ h<'sion<'d poh.
chacte and a pinnotherid crab. Animal lfrh ai •iu11 r
8(3-~):209-218.
DAVIES. A.J. AND M.R. L. JOH NSTON. 1976. The
biology of /-laemogrrgarina bigl'Tnina Lan-ran &
Mesn il. a parasite of the marine fi sh Blr1111iu.1 p/10/i.,
Linnaeus. The Journal of Proto~oolog)• 23(2 ):
3 15-320
DAVIS. C.C.. 196.'i. A study of tilt' ha1< bing proc<'SS in
aquatic inverte bra tes: XX . The bl u<'crab. r.111/inr, tes
sapidus, Rathbu n . XX I. The nt·mt-rtea n. Car, i110nemertes ca rcinophi la ( Kol Ii kcr). Chrsaprn kr
Science 6(4):201-208.
DAVIS. J.W., R .C. ANDERSON. L. Kr\ RSTAD. AND
0 .0. T R AIN ER. 1971. Infectious and l'arasitic
Diseases of Wild Birds. 344 pp. Ames: 101,·a Sta te
U niversity Press.
DAWSON. C.E .. 1957. Ba/anus fouling of shrimp.
Science 126(3282): I 068.

CRESSEY. R.F.. 1972. The genus Argulus (Crustacea:
Branchiura) of the United States. Biota of Freshwater Ecosystems, Identification Manual, Environmental Protection Agency No. 2: 1-14.

DAWSON, C.E .. 1962. Notes on anomalous America n
Heterosomata with descriptions of five new records.
Copeia 1962(1):138- 146.

CRESSEY. R.F. A D B.B. COLLETTE, 1970.
Copepods and needlefish es: a study in host -parasite
relatio ns hips. Fishery Bulletin 68(3):347-432.

DAWSON, C. E., 1964. A bi bliography of anomalies of
fishes. Gulf R esearch R eports 1(6):308-399.

CRESSEY, R.F. AND E.A. LACH NER, 1970. The
parasitic copepocl diet and life history of diskfishes
(Echeneiclae). Copeia I970(2):3 I0-3 I 8.

DAWSON , C.E., 1965. Rainstorm induced mortality of
lancelets, Branchiostoma , in Mississippi Sou nd .
Copeia 1965(4):505-506.

DAILEY, M.D. AND R .L. BROWNELL, JR ., 1972. A
checklist of mari ne mammal parasites. In Mammals
of the Sea. Biology and Medicine (eel. S.H. Ridgway),
pp. 528-589. Springfield: Charles C. Thomas.

DAWSON, C.E., 1966. A bibliography ol anomalies of
fi shes. Supplement 1. Gulf R esearch R eports 2(2):
169-176.

DAIL EY, M.D. AND R.M. OVERST REET, 1973.
Cathetocephalus thatcheri gen. et sp. n . (Tetraphyllidea: Cathetocephaliclae [am . n .) from the buJI
shark: a species demonstrating multistrobilization.
The Journa l of Parasitology 59(3):469-473.
DALES, R.P., 1957. Commensalism. Interrelations of
organisms. In Treatise on Marine Ecology and
Paleoecology (ed. J .W. Hedgpeth ), The Geological
Society of America Memoir 67(1):391-412.
DANIELS, B.A. AND R.T. SAWYER, 1975. T he
biology of the leech Myzobdella lugubris infesting
blue crabs and catfish. Biological Bulletin 148(2):
193-198.
DARNEL L, R.M., 1959. Studies of the life hist◊ry of
the blue crab (Callinectes sapidus Rath bun) in
Louisiana waters. Transactions of the American
Fisheries Society 88(4):294-304.

DAWSON, C. E.. 1969. Records of the ha made Co11choderma virgatum from two Gulf of Mexico fishes. The
Proceedings of the Louisiana Academy of S ciences.
32:58-62.
DAWSON , C.E., 1971. A bibliography of a nomalies of
fishes. Supplement 2. Gulf R esearch H.eports 3(2):
215-239.
DAWSON, C.E. AND E. H EAL, 1976. A bibliography
o f anomal ies of fishes. Supplement 3. G ulf R esearch
R eports 5(2):35-4 1.

a

DEBLOCK, S., 1971. Con tributions
l'etude des
Micropha lliclae Travassos, 1920 XXIV. T entative de
phylogenie et de taxonomie. Bulletin du Museum
National d 'H istoire Natu relle 3e serie, no. 7,
Zoologie 7:353-469.
DEFENBAUGH, R. E. AND S.H. HOPKI NS. 1973.
The Occurrence and Distribution of the H ydroids of
the Galveston Bay, T exas, Area. TAMU-SG-73 -210.

126

Literature Cited

Marine Maladies?

202 pp. College Station: Department of Marine Resources Information, Center for Marine R esources,
Texas A&M U niversity.
DELY AM U RE, S.L., 1955. Helminthofauna of Marine
Mammals (Ecology and Phylogeny) (ed. K.I.
Skrjabin, translated from Russian by M. Raveh,
1968), 522 pp. Academy of Sciences of the U .S.S.R .,
H e lminthological Laboratory, Moscow. Jerusa lem:
Israel Program for Scientific Translations.
DESSER, S.S., I 976. The ultrastructure of the
epimastigote stages of Trypanosoma rotatorium in
the leech Batracobdella picta. Canadian J ournal of
Zoology 54(10):1712-1723.
DESSER, S.S. AND I. WELLER, 1973. Structure,
cytochemistry, a nd locomotion of Haemogregarina
sp. fro m Rana berlandieri. The Journal of Protozoology 20(1 ):65-73.
D E SYLVA, D.P., 1954. The live bait shrimp fishery
of the northeast coast of Florida. Florida State Board
of Conservation, Marine Laboratory. Technical
Series No. I I: l-35.
D E TURK, W.E., 1940. TheParasitesandCommensals
of Some Crabs of Beaufort North Carolina. Ph.D.
dissertation, Duke University, Durham , North
Carol ina . 105 pp.
DU BOIS, G., 1968. Synopsis des Strigeidae et des
Diplostomatidae (Trematoda). Memoires de la
Societe Neuchateloise des Sciences Naturelles 10
(P t. I): 1-261.
DUBOIS, G., 1970. Synopsis des Strigeidae et des
Diplostomatidae (Trematoda) . Memoires de la
Societe Neuchateloise des Sciences Naturelles 10
(Pt. 2):1-727.
DUKES, C.H., JR., R .M. SHEALEY, AND W.A.
ROGERS, 1971. Sebekia oxycephala (Pentastom ida)
in largemouth bass from Lake St. J ohn, Concordia
Parish , Lo uisiana. The Journal of Parasitology
57(5): 1028.
EARLL, R .E., 1887. The mullet fishery. In The
Fisheries and Fishery Industries of the United States.
Section V. H istory and Methods of the Fisheries. Vol.
I. (ed. G.B. Goode), pp. 553-582. Washington:
Government Printing Office.
EBERT, D.J., 1976. The Behavior and Pathological
Effects of Larvae of Thynnascaris (Type MB )
(R aphidascarinae) in the Mouse. M.S. thesis, U niversity of Southern Mississippi, H attiesburg. 47 pp.
EDWARDS, R.H. AND R .M. OVERSTREET, 1976.
Mesenchymal tumors of some estuarine fishes of the
northern Gulf of Mexico. I. Subcutaneous tumors,
probably fibrosarcomas, in the striped mullet, Mugil
cephalus. Bulletin of Marine Science 26(1):33-40.
EMERSON , K.C., 1972a. Checklist of the Mallophaga
of North America (North of Mex ico). Part I. Suborder
lschnocera. 200 pp. Dugway, Utah: Deseret Test
Center, Dugway P roving G round.
EMERSON, K.C., 1972b. Checklist of the Mallophaga
of North America (North of Mexico). Part ll. Suborder Amblycera. 118 pp. D ugway, U tah: Deseret
Test Center, D ugway Proving Ground .

EMERSON, K.C., 1972c. Checklist of the Mallophaga
of No rth America (North of Mexico). Part IV. Bird
Host List. 216 pp. Dugway, Utah: Deseret Test
Center, Dugway Proving G round.
ERASMUS, D.A., 1972. The Biology of Trematodes.
3 I 2 pp. London: Edward Arnold .
ESCH, G.W. , T.C. HAZEN, R.V. DIMOCK, JR ., AND
J.W. GIBBONS, 1976. Thermal effluen t an<l the
epizootio logy of the ciliate Epistylis and the
bacterium Aeromonas in associat ion with centrarchid fish. Transactions of the American
Microscopical Society 95(4 ):687-693.
FARLEY, C.A., 1975. Epizootic and enzootic aspects of
Minchinia nelsoni (Haplosporida ) d isease in
Maryland oysters. The Journal of Protozoology
22(3 ):4 I 8-427.
fEDUCCIA. A .. 1976. Osteological cvicknce for shorebird affi nities or- the flamingos. The Auk 93(3):
587-60 I.
FEIGENBAUM, D.L., 1975. Parasites of the commercial shrimp Penaeus llannamei Boone and Penaeus
brasiliensis Latreille. Bulletin of Marine Science
25(4):491-514.
FELDER. D.L. , 1973. An Annotated Key to Crabs and
Lobsters ( Decapoda, R eptantia) from Coastal Waters
to the Northwestern Gulf of Mexico. LSU-SG-73-02.
103 pp. Baton Rouge: Center for Wet land Resources,
Louisia na State llnivnsity.
FENG . S.Y .. 1958. Observations on distribution a nd
eliminat ion of spores of Nematopsis ostrearum in
oysters. Proceedings of the National Shel/fisheries
Association 48: 162-173.
FO1\'TAINE. C:.T r\1\'D D.\'. LIGHT NER. 1975.
Cellular response 10 injury in penaeid shrimp.
Manne Fisheries R e,,iew 37(5-6):4-10.
FOR R ESTER , D.J. . J.M. CASK! . F.H. WHITE,
N. P. THOMPSON. J .A. Q U I C K. JR. , G .E.
H E DERSON. J.C. WOODARD. AND W.D .
R O BERTSON. 1977. An e pizootic of waterfowl
associa ted with a red tide episode in Florida . Journal
of Wildlife Diseases 13(2):160-167.
FORRESTER. D.J. AND R.T. SAWYER , 1974. Placobdella multilineata ( Hirud inea) from the
American alliga to r in Florida. The Journal of
Parasitology 60(4):673 .
FOSTER, C.A .. T .G. SARP HI E. AND W .E.
HAWKINS. In press. Fine structure of the peritrichous
,-ctocoinmensal Zoothamniwn sp. with t'mphasis o n
its mock of at tachment to pcna,:id shrimp. Journal
of Fish Diseases.
FUSCO. A.C .. 1978a. The Life History and Development of Spirocamallanus cricotus. with Notes on
Spirocamallanus and with an Annotated Species
Listing. M.S. thesis, U nivers ity of Sou thern
Mississippi. Ha11iesburg. 104 pp.
l·TSCO. A.C.. 1978b. Spirocama/lanus cricotus
(:'\t-matoda): Isoelcc-tric focusing and spenrophotomctric characterization of its hemoglobin a nd that of
its pis,i ne hos1. M1oopogo111a.1 1111d11latus. l·.\-perimenta/ Parasitology -H(2): 155-160.

FUSCO , A.C. AND R .M. OVERSTREET, 1978.
Spirocamallanus cricotus sp. n. and S. halitrophus
sp. n. (Nematoda: Camallanidea) from fishes in the
northern Gulf of Mexico. The Journal of Parasitology 64(2):239-244.
GAL TSO FF, P.S. , I 964. The American oyster
Crassostrea virginica Gmelin. Fishery Bulletin of
the Fish and Wildlife Service 64: l-480.
GIBSON, D.I. AND R .A. BRAY, 1977. The Azygiidae,
H irudinellidae, Ptychogonimidae, Sclerodistomidae
and Syncoeliidae (Dige nea) of fishes from the northeast Atlantic. Bulletin of the British Museum
(Natural History), Zoology Series 32(6): 167-245.
GILBERT, P.W., R .F. MATHEWSON, AND D.P.
RALL (eds.), 1967. Sharks, Skates, and Rays. 624 pp.
Baltimore: Johns Hopkins Press.
GLORIOSO, J.C ., R.L. AMBORSKI, J.M . LARKIN ,
G.F. AMBORSKI, AND D.C. CULLEY, 1974.
Laboratory identification of bacterial pathogens of
aquatic animals. American Journal of Veterinary
Research 35(3):447-450.
GOLVAN, Y.J. , 1969. Systematique des acanthocephales (Acanthocephala Rudolphi 180 I). Premiere
Panie. L 'ordre des Palaeacanthocaphala Meyer 1931.
Premier fascicule. La super-Camille des Echinorhynchoidea (Cobbold 1876) Galvan et Houi n 1963.
Memoires du Museum National d'Histoire Naturelle, Serie A 57(Pt. I ): 1-373.
GRELL, K.G., 1973. Protozoology. 554 pp. Berlin:
Spri nger-Verlag.
GUDGER, E.W. , 1934. Ambicoloration in the winter
flounder, Pseudopleuronectes americanus. American Museum Novitates 717:1 -8.
GUNTER, G., 1941. Death of fishes due to cold on the
Texas coast, January, 1940. Ecology 22(2):203-208.
G UNTER, G . AND R. OVERSTREET, 1974. Cetacean notes. I. Sei and R o rqual whales on the
Mississippi coast, a correction. II. A dwarf sperm
whale in Mississippi Sound a nd its helminth parasites. Gulf R esearch Reports 4(3):479-481.
GUTH RIE, J.F. AND R .L. KROGER , 1974. Schooling habits of injured and parasitized menhaden.
Ecology 55( I ):208-210.
GUTTERIDGE, W.E. AND C.H. COOMBS, 1977.
Biochemistry of Parasitic Protozoa. 172 pp. Baltimore: University Park Press.
HALVER , J.E. (ed.), 1972. Fish Nutrition. 713 pp.
New York: Academic P ress.
HAMMOND, D.M. WITH P.L. LONG (eds.), 1973.
The Coccidia. Eimeria , Isospora, T oxoplasma, and
R elated Genera. 482 pp. Baltimore: University Park
Press.

127

Emphasis on Neoplasia (ed . H .F. Kraybill, C.j.
Dawe, J.C. Harshbarger, and R.G. Tardi ff) , Annals
of the New York Academy of Sciences 298:280-289.
HARSHBARGER, J.C., S.C. CHANG. AND S.V.
OTTO, 1977. Chlamydiae (with phages), mycoplasmas, and Rickeusiae in Chesapeake Bay bivalves.
Science l 96(4290):666-668.
HARTMAN, W.D., 1958. Na tural history of the marine
sponges in southern
ew England. Peabody
Museum of Natural History, Yale University,
Bulletin 12: 1-555.
H AVEN, D., 1959. Effects of pea crabs Pinnotheres
ostreum on oysters Crassostrea virginica. Proceedings of the National Shellfisheries Association
49:77-86.
HEARD, R.W., III, 1967. Life h istory studies o n two
closely related species of Carneophallus (Microphallidae). The Journa l of Parasitology 53(Suppl.)
:27.
HEARD, R.W., JR., 1976. Microphallid T rematode
Metacercariae in Fiddler Crabs of the Genus Vea
Leach, 1814 from the Northern Gulf of Mexico.
Ph.D. dissertation, U niversi ty of Southern
Mississippi, Hauiesburg. 179 pp.
HENDRIX, S.S. AND R.M. O VE RSTREET, 1977.
Marine aspidogastrids (Trematocla) from fishes in
the northern Gulf of Mexico. The Journal of Parasitology 63(5 ):8 I 0-8 I 7.
HENRY, S.M. (ed.), 1966. Symbiosis. Associations of
Microorganisms, Plants, and Marine Organisms.
Vol. I. 478 pp. New York: Academic Press.
HENRY, S.M . (ed .), 1967. Symbiosis. Associations of
Invertebrates, Birds, Ruminants, and Other Biota.
Vol. II. 443 p p. New York: Academic Press.
HOESE, H .D. AND R.H. MOORE, 1977. Fishes of the
Gulf of Mexico . Texas, Louisiana, and Adjacent
Waters. 327 pp. College Station: Texas A&M Un iversity Press.
HOFFMAN, G.L., 1967. Parasites of North A merican
Freshwater Fishes. 486 pp. Berkeley: University of
California Press.
HOFFMAN, G.L., 1974. Disinfection of contaminated
water by ultraviolet irradiation, with emphasis on
whirling disease (Myxosoma cerebra/is) and its
effect on fish. T ransactions of the American Fisheries
Society I 03(3):541-550.
HOFFMAN, G.L., 1976. Whirling disease of trout.
U .S. Fish and Wildlife Service, Fish Disease Leaflet
47:1-10.

H ARGIS, W.J., JR., 1957. The host specificity of
monogenetic trematodes. Experimental Parasitology
6(6):610-625.

HOFFMAN, G.L., M. LANDOLT, J.E. CAMPER,
D.W. COATS, J.L. STOOKEY, AND J .D. BU REK,
1975. A disease of freshwa ter fishes caused by
Tetrahymena corlissiThompson, 1955, and a key for
identification of holotrich ciliates of freshwa ter
fishes. The Journal of Parasitology 61(2):217-223.

HARSHBARGER, J.C., 1977. Role of the registry of
tumors in lower animals in the study of environm ental carcinogenesis in aquatic a nimals. In
Aquatic Pollutants and Biologic Effects with

HOFFMAN, G.L. AND F.P. MEYER, 1974. Parasites
of Freshwater Fishes: a R eview of Their Control and
Treatment. 224 pp. Neptune Ci ty: T.F .H. P ublications.

Literature Cited

128 Marine Maladies?
89(310 I ):449-495.

HOFFMAI\. G.L. AND j.j. O'GROO N ICK. 1977.
Con1rol of \l'hirling disease (Myxosoma crrebralis):
effen, of drying. and <lisi n feciion wi1h hyd ra1ed lime
rn , hlorine. Jo11rnal of Fish Biology 10(2):175- 179.

l\'AS HKI N, V.M., A.A. SOBOLEV, AND L. A.
KH R OMOVA, 1971. Camallanata of Anirra 1s and

JI O LI .IMA ;',J . R.B. , 1963. Gyrodactylus short i. a ne\\'
,pc, ie, of rnonoge nct ic trematode from the brood
pow h of the southern pipefish. Syngnathus
srm•elli ( t v('rmann and Kendall). T ulane Studies in
Zoology l 0(2):83-86.

1ransla ted by H. Hardin , 1977), 381 pp. Academy of
Scien ces o f t he USSR, H elminthological Laboratory,
Moscow. J erusalem: Israel P rogram for Scientific
Translations.

1 IO Nl(;BER( ; , B.M .. \\'. BALA M l 'TH . LC:. BO VEE.
j.O. CO RLISS. M. GOJDIC:S, R.P. HALL.
R. R . KUDO. N.D. Ll::VI NE,A.R. LOl::BLICH.JR ..
J. \ \' U SER . AND D. H. WENRICH. 1964. A revised
iiassifica t ion of th<' phylum Protozoa. The Journal
of Protowology 11 ( I ): 17-20.
H O P KI NS. S.H.. 19•17. Thc ,wm(·rtean Ca rci11011enurtes a s an indicator of the spa wni ng hiswry of
the hos t. C:allinectes sapidus. Th e j ournal of
Parasitology 33(2): 146-150.
HOP KINS. S. IL 1956a. No1es on the boring sponges
in Culf coast cs1uaries and thrir rela1ion to sa linity.

B11llf'li11 of Mann e Srirnce of the C uff and Caribbean
6( 1): H-58.
H O P KIN S. S. H .. 1956b. The boring s ponges which
:111a, k South Carolina oysters. with no tes o n some
associated organisms. Contrib11tio11s from Bears

Blu ff Laborato ries, H'admala w Island, South
Carolina No. 23: 1-30.
HOPKI NS. S.H ., 1956<. ()dostomia impressa parasi1iLing sou1hern oys1rrs. Sciena I 24(3223 ):628-629.
HORSLEY. R .\\' .. 1977 . A rcYiew of the bacterial flora
o f teleosts a nd elasmobranchs. indudi ng m ethods for
its a na!Ysis. Joumal of Fish Biology 10(6):529-55~.
H OWSE. H .0. AND J.Y. CHR ISTMAS. 1970.
L ymphocystis tumors: h istochemical identificatio n
o f h yal inc substances . Transactions of theAmerica11
J\J irrosropica/ Society 89(2):276-282.
HOWS E. H .D. A N D j.Y. CH RISTMAS. 1971. O bserYa t ions on the ultrastructure of lymp h ocystis virus in
the Atlantic c roaker, Micropogon undulatus
(Linnea us). Virology 44( 1):211 -214.
H U MES, A.G .. 1942 . The morpho logy. taxonomy. and
bionomics of the n em ertean genus Carcinonemertes.
Jl /i,iois Biological M onographs 18(4):1-105.
Hl 1TTON . R.F. AND F. SOGANDARES-BERNAL,
1959. NotC's o n 1hc distribution o f th e leech.
Mvwbdella lugubris Leidy . a nd it s association with
m o rta lity o f the blue crab, Callinectes sapidus
Ra1hbun. Th i' Journal of Parasitology45(4):384, 404,
430.

Man and Diseases Caused by T hem. Essentials of
Nematodology Vol. XX/I. (ed. K.L Skrjabin ,

I VERSEN. E.S. AN D J.F. KELLY, 1976. Microsporid iosis s uccessfull y transmitted experimentally
in pink shrimp. Journal of Invertebrate Pathology
27(3):407-408.
IVERSE N, E.S. AND H.O. YOSHIDA, 1957. Notes on
the bio logy of the wahoo in the Line Islands. Pacific
Science 11(4):370-379.
JAC KSON, G.j., 1975. The " new disease" statu s of
human anisakiasis and N o rth American cases: a
review. j ournal of M ilk and Food T echnology
38( 12):769 -773 .
JA KOWSKA, S., R.F. N IG RELLI. AND I. ALPERIN,
1954. A new H enneguya i n t he North Atlantic
weakfish, Cynoscion regalis. The Journal of Protozoology l (Suppl. ): 13 .
I 972 . T he Blue Crab Fishery,
Bara/aria cst11ar>'· Louisia na. LSl l-SC-72-01.
I 12 pp . Baton R ouge: Center for 'Netland Resources,
L o uisiana State U niversity.

JAWORSKI,

E.,

JEN N INGS, J.B., 1974. Symbioses in th e Turbellaria
and their im p lications in s tudies on the evolu tion of
parasitism. I n Symbiosis in the Sea (ed. W.B.
Vernberg). pp. 127- 160. Columbia : U niversity of
Sou th Carolina P ress.
J ENSEN,

L.A.

AND

R.A. HEC KMA NN, 1977.
Anantrum histocephalum sp. n . (Cestoda: Bothriocephalidae) from Synodus lucioceps (Synodon tidae)
o f sou t hern California. The Journal of Parasitology
63(3):471-472.

JOHNSON , PT., 1976. Bacterial infection in the bl ue
cra b, Callinectes sapidus: cou rse of infection and
histopatho logy. Journal of Invertebrate Pathology
28( I ):25-36.
JOHNSON, P.T., 1977a . Param oebiasis in the blue
crab, Callinectes sapidus. journal of Invertebrate
Pathology 29(3):308-320.
JOH NSON, P.T.. I 977b. Vi rus diseases of the bl ue
crab, Callinectes sapidus. Program of the 2nd

Annual Eastern Fish H ealth Workshop. Easton.
Maryland. pp. 22-24 . (also. Marine Fisheries R eview,
in p ress).

H U TTON. R . F .. F . S O GAN DARES- BERNAL .
B. EDLRED. R.M . I NG LE , AN D K . D.
WOODBURN. 1959. Investigat ions on 1he parasites
a nd d iseases of salt water shrimps (Penaeidae) of
s po rts and commercial importan ce to Florida.

JOHNSON. S. K., 1974. Ectocommensals and Parasites
of Shrimp from Texas R earing Ponds. TAMU-SG71 -207. 20 pp. College Station: De partment of Marine
Resources Inf o r mation. Center for Marin e
Resources. T exas A&M University.

Florida State Board of Consen•ation, Marine Laboratory. T echnical Series No. 26:1-38.

JOHNSO1 . S. K .. 1977. Handbook of Crawfish and
Freshwater Sh rimp Diseases. TAM U -SG-77-605.
19 pp. College S tation : Departm ent of Marine
Resources Information , Center for Marine
Resources, Texas A&M U niversi ty.

HYMAN, L.H. , 1940. The polyclad flatworms of the
Atlantic coast of t he United Sta tes and Canada.

Proceedings of the United States National M useum

JOHNSON, S. K., 1978. Handbook of Shrimp Diseases.
TAMU-SG-75-603 (revised ed .). 23 pp. College
Station: Department o f Marine Resources I nformation, Center for Marine R esources, Texas A&M
U n i versity.
JOHNSON, S. K., D. BYRON, G . L ARA M ., AN D T.P.
FERR EIRA D E SO UZA, 1975. Cramped condition
in pond-reared shrimp . P enaeus bras i lienses .
FD DL-S6. 2 pp. College Station: Fish Disease
Diagnostic Laboratory, T exas Agricultura l
Extensio n Service, Departmen t of Wildlife ancl'
Fisheries Sciences, Texas A&M University System.
JOH NSON, S.K. AND W.A. ROGERS, 1973 . Dis tributio n of th e genu s Ergasilus i n several Gulf of
Mex ico drain age basins. A gricultural Experiment
S tation, Auburn University, Bulletin 445: I. 74.
J OYCE, E .A., JR., 1961. The H ydroida of the Seahorse
Key Area. M .S. t hesis, University of F lorida ,
Gainesville . 11 6 pp.
KABATA, Z., 1970. Crustacea as Enemies of Fishes,
Book 1. In Diseases of Fishes (eds. S.F. Sn ieszko a nd
H .R. Axelrod), 171 pp. Jersey City: T.F.H . Publica tions.

KARM ANOVA, E.M., 1962. The life-cycle of
Dioctophyme renale in its intermediate and definitive hosts. (In R ussian) Trudy H elminthological
Laboratory, USSR Academy of Science 12:27-36.
KEARN , G.C., 1971. The physiology and behaviour o f
the monogencan skin parasite Entobdella soleae in
relation to its host (So/ea solea). In Ecology and
Physiology of Parasites (ed. A.M . Fallis), pp. 16 1-187.
Toronto: U n iversity of T oronto Press.
KERN, F.G., 1976. Minchinia nelsoni (MSX)diseaseof
the American oyster.Marine Fisheries R eview 38( I 0):
22-24.
KHALAF, K.T. , 1967. Seasonal incidence and population densities of Culicoides in the coastal areas of
L ouisiana (Diptera: Ceratopogon idae). journal of
the Kansas Entomological Society 40(4):472-477.
KHALAF, K.T., 1969. Distribution and phenology of
Culicoides (Diptera: Ceratop ogonidae) alon g th e
Gulf o f Mexico. Annals of the Entomological Society
of America 62(5): 1153-1161.
KH AN, R .A. , 1977. Su sceptibili ty of marine fish to
trypanosomes. Canadian j ournal of Zoology 55(8):
1235-1241.
KHEYSI N , Y.M . (eJ. K.S. TODD, JR.), 1972. L ife
C)1cles of Coccidia of Domestic Animals. (Translated
by F.K. Pious, Jr.) 264 pp. Baltimore: University
P ark Press.
KLINE, D .L. AND R .C. AXTELL, 1976. Salt marsh
Culicoides ( Diptera: Ceratopogon idae): species,
seasonal abundance and comparisons of trapping
m eth ods. Mosquito News 36(1):1 -10.
KORATHA, K.J, 1955a. S tud ies o n th e monogen etic
trematodes of the Texas coast. I. R esults of a survey of
marin e fishes at Port Aransas, with a review of
Monogenea reported from the Gulf of Mexico and
notes o n euryhalinity, host-specificity, and relationship of the remora a nd the cobia. Publications of the

129

Institute of Marine Science 4( l ):233-250.
KORATHA, K.J, 1955b. Studies on the monogenetic
trematodes of the T exas coast. II. Descriptions of
species from marine fishes of Port Aransas.

Publications of the Institute of Marine S cience
4( I ):251-278.
KRAYBILL, H.F., C.J.
BARGER , AND R.G.

DAWE, J.C. HARSHTARDIFF (eds.), 1977.

A qua tic Pollutants and Biologic Effects with
Emphasis on Neop lasia. Annals of the New Yo rk
Academy of Sciences 298:1-604.
KRUSE, D. N., 1959. Parasites of the commercia l
sh r i m p s, Penaeus aztecus I ves, P. duorarum
Burkenroad a nd P. setiferus (Linnaeus). Tulane
Studies in Zoology 7(4):123- 144.
KRU SE, D.N ., 1966a. L ife cycle studies on Nematopsis
duorari n. sp. (Gregarinia: Porosporidae), A parasite
of the pink shrimp (Penaeus duorarum ) and
pe lecypod molluscs. Dissertation Abstracts
27B:29 I 9-B.
KR US E , D.N ., 1966b. Life Cycle Studies on
Nematopsis duora ri n. sp. (Gregarinia: Porosporidae), A Parasite of the Pink Shrimp (P enaeus
d uorarum) and Pelecypod Molluscs. Ph.D. thesis,
Florida State University, Tallahassee. I 74 pp.
KU DO, R. , 1920. Studies o n Myxosporidia . Asynop;is
of genera and species o f Myxosporidia . I llinois
Biological M onographs 5(3-4):3-265.
KU DO, R .R ., 1966. P rotozoology. 5th ed. 1,174 pp.
Springfie ld: Charles C. Thomas.
LAKSHMI, G .J., A VENKATARAMIAH, AND H .D.
HOWSE, 1978 . Effect of salinity and tem perature
ch anges on spontaneous muscle n ecrosis in Penaeus
aztecus Ives . A quaculture 13( I ):35-43.
LAMONT, J.M., 1961. Fish with rubber bands.
Scottish Fisheries Bulletin 15: I 7-18.
LANG, W .H., JR., 1976a. T he larval development of
the barnacles Octolasmis mulleri and Chelonibia
patula. American Zoologist I 6(2):2 I 9.
LANG, W.H., 1976b. The larval development and
metamo r phosi s of the pedunculate barnacle
Octolasmis mulleri (Coker, I 902) reared in the
laboratory. Biological B ulletin 150(2):255-267.
LAWLER, A.R., 1977. The parasitic d i noflagellate
Amyloodinium ocellatum in marine aquaria. Drum
and Croaker I 7(2): I 7-20.
L AWLER , A.R. A ND R .N. CAVE. 1978 . Deaths of
aquari um-held fishes caused by m o n ogenetic
trematodes. I. Aspinatrium pogoniae (MacCallum,
1913) on Pogonias cromis (L i nnaeus). Drum and
Croaker l 8( I ):3 1-33.
LAW LER, A.R., H.D. HOWSE, AND D.W . COOK,
I 974. Silver perch, Bairdiella chrysura: n ew host for
Iym phocystis. C opeia l 97 4( I ):266-269.
LAWLER, A.R. AND R.M. OVERSTREET, 1976.
A bsonifibula bychowskyi gen . et sp. n ov.
(Mon ogenea: Absonifibulinae subfam. nov. ) from
the At lantic croaker, Micropogon undulatus (L. ),
from Mississippi, U .S.A. In Studies on the

130

Marine Maladies?

Monogeneans, Proceedings of the Institu te of
Biology and Pedology, Far-East Science Centre,
Academy of Sciences of the USSR , New Series
34( 137):83-91.
LAWLER, A.R. AND S.L. SHEPARD, 1978. A
partially albino blue crab. Drum and Croaker 18( I):
34-36.
LEE, J .S., 1973. What seafood processors should know
about Vibrio parahaemolyticus. journal of Milk and
Food Technology 36(8): 405-408.
LEIGH, W.H. , 1960. The Florida spoued gar, as the
intermediate host of Odhneriotrema incomm odum
(Leidy, 1856) from Alligator mississippiensis.
The Journal of Parasitology 46(5, Suppl.):16.
LESTER, R.J.G., 1972. Auachmentof Gyrodactylus LO
Gasterosteus and host response. The Journal of
Parasitology 58(4):717-722.
LEVINE, N.D., 1973. Protozoan Parasites of Domestic
Animals and of Man. 2n d ed. 406 pp. Minneapolis:
Burgess Publishing.
LEVINE, N.D., 1978. Perkinsus gen. n. and other new
taxa in the protozoan phylum Apicomplexa. The
Journal of Parasitology 64(3 ):549.
LIG HT NER, D.V., 1973. Normal postmortem changes
in the brown shrimp, Penaeus aztecus. Fishery
Bulletin 72( I ):223-236.
LIGHTNER, D.V., 1975. Some potentially serious
disease problems in the culture of penaeid shrimp in
North America. In Proceedings of the Third U.S.Japan Meeting on Aquaculture at Tokyo, Japan,
Oct. 15-16, 1974. pp. 75-97. Niigata: Fishery Agency,
Japanese Government and Japan Sea Regional
Fish eries Research Laboratory.
LIGHTNER , D.V . AND R. R EDMAN , 1977.
H istochemical demonstration of mela n in in cellular
inflammatory processes of penaeid shrimp. journal
of Invertebrate Pathology 30(3):298-302.
LIGHTNER , D.V., B. R. SALSER, AND R.S .
WHEELER, 1974. Gas-bubble disease in the brown
shrimp (Penaeus aztecus). Aquaculture 4(1):81-84.
LINDNER, M.J. AND H.L. COOK, 1970. Synopsis of
biological data on the white shrimp Penaeus
setiferus (Lin naeus) 1767. FA O Fisheries R eport
57(4): 1439- 1469.
LOCKE, L.N., J. B. DEWITT, C.M. MENZIE, AND
J.A. KER WIN, 1964. A merganser die-off associated
with larval Eustrongylides. Avian Diseases 8(3):
420-427.
LOESCH, H.C., 1957. Studies of the ecology of two
species of Donax on Musta ng Island, Texas. Publications of the Institute of Marine Science 4(2):201-227.
LOM, J., 1969. Notes on the ultrastructure and sporoblast development in fish parasitizi ng myxosporidia n of the genus Sphaeromyxa. Zeitschrift fur
Zellforschung und Mikroskopische Anatomie 97(3):
416-437.
LOM, J., 1970. P rotozoa causing diseases in ma rine
fishes. In A Symposium on Diseases of Fishes and
Shellfishes (ed. S.F. Snieszko), American Fisheries

Literature Cited
Society Special Publication No. 5: 101-123.
LOM, J., 1973. T he adhesive disc of Trichodinella
epizootica - ultrastructure and injury to the host
tissue. Folia Parasitologica (Praha) 20(3): 193-202.
LOM, J. AND A.R. LAWLER, 1973. An ultrastructural
study on the mode of auachment in dinoflagellates
invading g ills of Cyprinodontidae. Protistologica
9(2):293-309.
LONGWELL, A.C., 1976. Chro mosome mutagenesis
in developing mackerel eggs sampled from the New
York Bight. N OAA T echnical Memorandum ERL
MESA -7, Marine Ecosystems Analysis Program
Office, Boulder, Colorado. 61 pp.
LOWERY, G.H., JR., 1974. The Mammals of
Louisiana and its Adjacent Waters. 565 pp. Baton
Rouge: Louisiana State U n iversity Press.
LUMSDEN, R.D., 1975. Surface ultrastructure and
cytochemistry of parasi tic helminths. Experimental
Parasitology 37(2):267-339.
MACKENZIE, C.L., JR., 1977. Development of an
aquacultural program for rehabilitation of damaged
oyster reefs in Mississippi . Marine Fisheries Review
39(8):1-13.
McDERMOTT, J.J., 1960. T he predation of oysters
and barnacles by crabs of the family Xanthidae.
Proceedings of the Pennsylvania Academy of Science
34 :199-211.
Mc DONALD, M.E., 1969a. Annotated bibliography of
helminths of waterfowl (Anatidae). Bureau of Sport
Fisheries and Wildlife Special Scientific R eport Wildlife No. 125: 1-333 .
McDONALD, M.E., 1969b. Catalogue of helminths of
waterfowl (Anatidae). Bureau of Sport Fisheries and
Wildlife S pecial Scientific Report Wildlife
No. 126:1-692.
McERLEAN, A.J., C. KERBY , AND M.L. WASS
(eds.), 1972. Biota of the Chesapeake Bay. Chesapeake
Science I 3(Suppl. ): 1-197.
McG R AW, K.A. AND G. GUNT ER, 1972. Observations on killing of the Virginia oyster by the Gulf
oyster borer, Thais haemastoma, with evidence for
a paralytic secretion . Proceedings of the N ational
Shellfisheries Association 62:95-97 .
McLAUGHLIN, J.J.A. AND P.A. ZAHL, 1957.
Studies in marine biology. II. In vitro culture of
zooxanthellae. Proceedings of the Society for Experimental Biology and Medicine 95:115-120.
MACE, T.F. AND R.C. ANDERSON, 1975. Development of the giant kidney worm, Dioctophyma renale
(Goeze, 1782) (Nematoda: Dioctoph ymatoidea).
Canadian Journal of Zoology 53(1 I ):1552-1568.
MACKIN, ].G ., 1962. Oyster d isease ca used by
Dermocystidium marinum and o ther m icroorganisms in Louisiana. Publications of the
Institute of Marine Science 7: 132-229.
MACKIN, J.G . AND F.G . SCHLICHT, 1976. A
proteomyxan amoeba stage in the development of
Labyrinthomyxa patuxent (Hogue) Mackin and
Sch licht, with remarks on the relation of the

proteomyxids to the neoplastic diseases of oysters and
cla ms. Marine Fisheries R eview 38( 10):16-18.
MALMBERG , G., 1974. On the larval protonephridial
system of Gyrocotyle and the evo lu t io n of
Cercomeromorphae (Platyhelminthes). Zoologica
Scripta 3:65-8 1.
MARGOLIS, L., 1970. Nematode diseases of marine
fishes. In A Symposium on Diseases of Fishes and
Shellfishes (ed. S.F. Snieszko), A merican Fisheries
Society Special Publication No. 5: I90-208.
MARGOLIS, L., 1977. Pu blic heal th aspects of
"coclworm" infection: a review. Journal of the
Fisheries R esearch Board of Canada 34(7):887-898.
MARGOLIS, L., Z. KABATA, AND R.R. P ARKER,
I 975. Ca talogue and synopsis of Caligus, a genus of
Copepoda (Crustacea) parasitic on fishes . Bulletin
of the Fisheries R esearch Board of Canada I 92: 1-11 7.
MATTHEWS, G. AN D H .O . WR IGHT, 1970. The
selection of hermit crab host by the commensal
hydroicl, H ydractinia sp. Abstracts of Southwestern
Association of Naturalists, 17th Annual Meeting,
T exas A&M Unive rsity, 23-26 April 1970:5.
MAY, E.B., 1973. Exten sive oxygen depletion in Mobile
Bay, Alabama. Limnology and Oceanography 18(3):
353-366.
.
MAY, H .G ., 1919. Con tribu tions 10 the life histories of
Gordius robustus Leidy a nd Paragordius varius
(Leidy). lllinois Biological Monographs 5(2): I -I 18.
MEAR NS, A.J. AND M.J. SH ERWOOD, 1976. Ocean
wastewa ter discharge and tumors in a southern
Ca lifornia flatfish. t'rogress in Experimental Tumor
R esearch 20:75-85.
MELDRIM, J.W., J.J . G IFT , AND B.R. PETROSKY,
1974. The effect of 1empera1ure and chemica l
pollutants on the behavior of several estuarine
organisms. lchth yological Associates In c. Bulletin
No. 11 : 1-129.
MENZEL, R.W. AN D S.H. HOPKINS, 1955. The
growth of oysters parasitized by 1he fungus
Dermocystid ium marinum and by the trematode
Bucephalus cuculus. Th e j ournal of Parasitology
41(4):333-342.
MENZI ES, R .J., T.E. BOWMAN , AND F.G.
ALVERSON, 1955. Studies of the biology of the fish
parasite Livoneca convexa R ichardson (Crustacea,
Isopoda, Cymothoiclae). The Wasmann Journal of
Biology I3(2):277-295.
MER CANDO, N.A ., !976. A pattern of specificity in
the symbiot ic association between H ydractinia
echinata and hermit crabs from coastal North
Carolina. The journal of the Elisha Mitchell
Scientific Society 92(2):84 -85.
MEYER, F.P., 1970. Seasonal fluc1ua1ions in the
incidence of disease on fis h farms. In A Symposium
on Diseases of Fishes and Shellfishes (eel. S. F.
Snieszko), American Fisheries Society Special
Publication No. 5:2 I -29.
MILLS, C.E., 1976. Podocoryne selena, a new sp ecies of
hyclroicl from the Gulf of Mexico, and a comparison
with H ydractinia echinata. Biological Bulletin

131

151(1 ):214-224.
MOLL HAGEN, T.R ., 1977. A studyof1hesystema1ics
and hosts o f th e parasiti c ne m a tode genus
T etrameres (H a bronem a1oiclea : Te1ramericlae).
Dissertation Abstracts International 38(2, Pt. B):
547-B.
MOORE, C.J. AND C. R . POSEY, SR. , 1974. Pig menta tion and morphological abnormali ties in 1he hogchoker, Trinectes maculatus (Pisces, Soleiclae).
Copeia 1974(3):660-670.
MOORE, R .H ., 1976. Observations on fishes killed by
cold at Port Aransas, Texas, 11- 12 J anuary 1973.
The Southwestern Naturalist 20(4):461-466.
MORE, W.R., 1969. A contri bu tion to the biology of
the blue crab (Callinectes sapidus Rathbun) in
Texas, with a description of the fishery. T exas Pa rks
and Wildlife Depar tment T echnical Series
No. I : 1-3 I.
MUDRY, D.W. AN D M.D. DA ILEY, 1971. Pos1embryonic developmen t of certain te1raphy lliclean a nd
trypanorhynchan cestocles with a possiblealterna1ive
life cycle for the order Trypanorhyncha. Canadian
j ournal of Zoology 49:1249-1253.
NEUHAUS, O.W. AND J .E. HALVER (eels.), 1969.
Fish in R esearch. 31 I pp. New York: Academic
Press.
NEWMAN, W.A., 1967 . Shallow-water versu s deep-sea
Octolasmis (Cirripedia Thoracica). Crustaceana
12( 1): 13-32.
NEWMAN, M.W. AND C.A. JOHNSON, 1975. A
disease of blue crabs (Callinectes sapidus) caused
by a parasitic di noflagellate, H ematodinium sp.
The Journal of Pa rasitology 6 1(3):554-557.
NEWMAN, M.W., C.A. JO H NSON, III , AND
G.B. PAULEY, 1976. A Minchinia-like haplosporidan parasitizing blue crabs, Callinectes sapidus.
Jo urnal of Invertebrate Pathology 27(3):311-315.
NICKLE, W.R ., I 972. A contributio n to our knowledge
o f the Me rmi th icla e (Nem a toda). Journal of
Nematology 4(2):113-146.
NICKOL, B.B. AN D R.W . HEARD, III, 1970.
Arhythmorhynchus frassoni from the clapper rai l,
Rallus longirostris, in North America. The journal
of Parasitology 56( I ):204-206.
NIGRELLI, R. F. AND G.M. SMITH, 1938. Tissue
responses of Cyprinodon variegatus to the myxosporiclian parasite, Myxobolus lintoni Gurley.
Zoologica 23(2): 195-202.
NOBLE, E.R. AND G .A. N OBLE, 1971. Parasitology.
The Biology of Animal Parasites. 3rd ed. 617 pp.
Ph iladelphia: Lea & Febiger.
NORMAN, J.R., 1934. A Systematic M onograph of the
Flatfishes (H eterosomata). Psettodidae, Bothidae,
Pleuronectidae. Vol. I. 459 pp. London: Oxford
University Press.
NORRIS, D.E. AND R .M. OVERSTREET, 1975 .
Thynnascaris reliquens sp. n. and T. habena
(Linton, 1900) (Nematoda: Ascaridoiclea) from fishes
in the northern Gulf of Mexico a nd eastern U.S.
seaboard. The Journal of Parasitology 61 (2):330-336.

132

Marine Maladies?

NORRIS. D.E. A D R.M. OVERSTREET, 1976. The
pub lic health implications of larval Th ynnascaris
n ematodes from shellfish. journal of M ilk and Food
Technolog)' 39( 1):47-54.
OLLA. B.L., A.L. STUDHOLME, A.J. BEJDA, C.
SAMET, AND A.D. MART I N, 1975. The effect of
temperature on the behaviour of mari ne fishes: A
comparison among Atlantic mackerel, $comber
scombrns. bluefish, Pomatomus saltatrix. and
tautog. Tautoga onitis. I n Combined Effects of
Radioactive, Chemical and Thermal Releases to the
Environment. pp. 299-308. Vienna: International
Atomic Energy Agency.

L iterature Cited
Crassicutis archosargi, a digenean exhibiting an
un usual tegumental attachment. The Journal of
Parasitology 62(5):702-708.
OVERSTREET. R.M., 1977a. A revision of Saturnius
Manter, 1969 (H emiuridae: Bun ocotylinae) with
descriptions of two new species from the striped
mullet. Universidad Nacional B Mexico, lnstitutode
Biologia Publicaciones Especiales 4:273-284.
OVER STREET, R . M .. 1977b. Poecilancist rium
caryophyllum and other trypanorh yn ch cestode
plerocercoids from the musc ulature of Cynoscion
nebulosus and other sciaenid fishes in the Gulf of
Mexico. The Journal of Parasitolog)• 63(5):780-789.

OLSE , O.W. , 1974. Animal Parasites. Their L ife
C)'cles and Ecology. 3rd ed. 562 pp. Baltimore:
University Park Press.

OVERSTREET. R.M. AND D.W. COOK, 1972. An
underexploited G u lf coast fishery: soft shelled
crabbing. The American Fish Farmer 3(9):12-17.

ORIAS, J.D. AND E.R. NOBLE, 1971. Entamoeba
newmia sp. n. and other parasites from a North
Atlan t i c fish. The journal of Parasitology
57(5):945-947.
OSHIMA, T., 1972. Anisakis and a nisakiasis in Japan
and adjacent area. Progress of Medical Parasitology
in japan 4:301-393.

OVERSTREET, R. M. AND R.H. EDWARDS, 1976.
Mesenchymal tumors of some estuarin e fishes of the
northern Gulf of Mexico. II. S ubcutaneous fibromas
in the southern flounder, Para/ichth ys lethostig ma,
and the sea catfish, Arius felis. Bullrtin of Marine
Science 26( I ):41 -48.

OVERSTREET, R.M., 1968. Parasites of the inshore
lizardfish , Synodus foetens, from south Florida,
including a description of a new gen us of Cestoda.
Bulletin of Marine Science 18(2):444-470.
OVERSTREET, R.M. , 1970. Two new species of
Digenea from the spot, Leiostomus xanthurus
Lacepede, from the Gulf of Mex ico. The Journal of
Parasitolog)' 56(6): I 055-1057 .
OVERSTREET, R . M., 1971a. Neochasmus
sogandaresi n. sp. (Trematoda: Cryptogonimidae)
from the striped bass in Mississippi. Transactions
of the American M icroscopical Society 90(1):87-89.
OVERSTREET. R.M .. 1971 b. Glaucivermis spinosus
gen. et sp. n. (Digenea: Zoogonidae) from the
so uth ern kingfis h. Menticirrhus americanus
(Linnaeus), in the coastal waters of Mississippi.
The Journal of Parasitology 57(3):536-538.
OVERSTREET, R.M., 1971c. Metadena spectanda
Travassos, Freitas, and Buhrnheim, 1967 ( Digenea:
C ryp1ogonimidae) in est uarine fish es from the
Gulf of Mexico. Proceedings of the H elminthological Society of Washington 38(2): 156-158.
OVERSTR EET, R.M., 1973 . Parasites of some penaeid
shrimps with emphasis on reared hosts. Aquaculture
2(2):105-140.
OVERSTREET. R.M., 1974. An estuarine lowtemperature fish-kill in M ississippi, with remarks
on restricted n ecropsies. Gulf R esearch Reports
4(3):328-350.
OVERSTREET, R.M .. 1975. Buquinolate as a preventive drug to control microsporidosis in the blue
crab. Journa l of Invertebrate Patholog)' 26(2):
213-216.
OVERSTREET, R.M ., 1976a. Fabespora vermicola
sp. n ., the first myxosporidan from a platyhelminth.
The Journal of Parasitology 62(5):680-684 .
OVERSTREET, R.M., 1976b. A redescription of

OVERSTR EET, R.M. A 1D F.G. HOCHBERG, JR. ,
1975. Digenetic trematodes in cephalopods. Journal
of the Marine Biological Association of the United
Kingdom 55(4):893-910.
OVERSTREET, R .M. A D H.D. HOWSE, 1977.
Some parasites and diseases of estuarine fishes in
polluted habitats ol Mi ssiss ippi . I n Aquatic
Pollutants and Biologic Effects with Emphasis on
Neoplasia (eds. C.J. Dawe. J.C. Harshbarger, and
R.G. Tardiff), Annals of the New York Academy of
Sciences 298:427-462.
OVERSTREET, R.M. AND C.H. LYLES, 1974. A
rubber band around an Atlantic croaker. Gulf
R esearch R eports 4(3):476-478.

PAPERNA, I. A D R. M. OVERSTR EET. In press.
Parasites and diseases of mullets (Mugilidae). In
International Biological Programme, The Mullets
(ed . O.H. Oren ). Lo ndon: Cambridge llni,·crsity
Press.
PAPERNA, I. AND F. D. PO R, I n p ress. Prelimi nary
data on the Gnathiidae( lsopoda) of the northern Red
Sea, the Bitter La kes and the eastern Mediterranean
and the biology of Gnathia piscii•ora n . sp. XX V
Congress of I.C.S.E.M., October 1976. S/Jllt.
l'ugoslavia.
PAPERl\'A. l. AND D.E. ZWER ER, 1976. St11dies on
Ergasilus labracis Kri<Syer (Cycl opidea: Ergasilidae)
parasit ic on striped bass. Marone saxa tilis, from the
lower Chesapeake Ba y. I. Di stribu tio n . life cycle.
and seasonal abundance. Canadian Journal of
Zoology 54(4 ):449-4 62.
PA U L EY. G.B., K.K. C H EW. AND A.K. SPAR KS.
1967. Experimental i n fection of oysters (Crassostrea
gigas) with thigm otrichid ciliates. journal of
In vertebrate Pathology 9(2):230-234.
P EARSE. L., 1972. A note on a marine trirhodinid
cil iate parasitic on the s kin of captive flatfish.
Aquaculture 1(3):26 1-266.
P EARSE. A.S. AND G.W. WHARTON , 1938. The
oyster "leech," Stylochus inimicu s Palo mbi.
associated wi th oysters on the coasts of Florida.
Ecological Monographs 8(4):605-655.
PENCE. O.B .. 1972. Th e h y popi (Acarina:
Sa rcoptiform es : H ypoderidae) from th e subcu taneous tissues of birds in Louisiana. Journa l of
Medical Entomology 9(5):435-438.
PENCE, D.8., 1973a. R eighardia sternae (Cephalobaenida: Reig h a rdiidae). a pentastome from gulls
and terns in Louisian a. Proceedings of the
Helminthological Society of Washington 40( I):
164-165.

OVERSTR EET, R.M. Ai D H .M . PERRY, 1972. A
n ew microphallid tremawde from the b lue crab in
the northern Gulf of Mexico. Transa ctions of the
American Microscopical Society 91 (3):436-440.

P E NCE, D. B.. 1973b. The nasal mitts o f b irds from
Louisiana. IX. Synopsis. Th e joumal of Parasitology 59(5):881 -892.

OVERSTREET, R. M. AND T. VAN DEV EN DER ,
I 978. Implica tion of an environmentally ind uced
hamarto ma in commercial shrimps. Journal of
Invertebrate Pathology 31(2):234-238.

P ENCE, D.B., 1973c. Tetram eres aspinosa n . sp. from
the snowy egret a n d a new host record for T. robusta
(Nematoda: T etrameridae) . T ransactions of the
American Microscopical Society 92(3):522-525.

OVERSTR EET, R .M . AND E. WEIDNER, 1974.
Differentiatio n of microsporidian spore-ta ils in
Inodosporus spraguei gen. et sp. n. Zeitschrift filr
Parasitenkunde 44(3): I 69-186.

P ENCE, D.B .. 1975. Keys, species a nd host lis1, and
bibliography for nasal mites of Nonh American
birds (Acarina: Rhinonyssinae, Turbinoptinae,
Speleognathinae, and Cytoditidae). Th e Museum ,
T e xas Tech University, Special Publ ications
No. 8:1-148.

OVERSTREET, R . M. AND E.C. WHATLEY, JR.,
1975. Prevention of microsporidosis in the blue crab.
w i th notes on natural infections. Proceedings of
Sixth Annual W orkshop World MaricultureSociety:
335-345.
PAPERNA., I.. 1963. Some observations on the biology
and eco logy of Dactylogyrus ,,astalor in Israel.
Bamidgeh I 5( I ):8-29.

PAPERNA, I., 1964. Competitive exclusion of
Dactylogyrus extensus by Dactylogyrus vastator
(Trema toda, Monogenea) on the gills of reared carp.
The Journal of Parasitology 50( 1):94-98.

PENN AK, R .W., 1953. Fresh-Water In vertebrates of the
United States. 769 pp. New York: Ronald Press.
PEN1 ER. L R . AND P.J.S . R AJ, 1977. Concerning
the marine leech, Pontobdella macrothela Schmarda,
1861 (Piscicolidae: Hirudinea). Excerta Parasitol6gica en Memoria de/ Doctor Eduardo Caballero y
Caballero, Universidad Nacional Aut6noma de
Mexico, lnstituto d e B iolog,a Publicaciones
. Especiales 4:519-530.
PENSE [s ic], D.B.

AND G.E. CHILDS,

1972.

133

Pathology of , I rnphimnus fio11gat11.1 ( Dignw;,:
Opisthorchi ida(') in the livn of the do11hk-, rc,1,·d
cormora n t. ] oumal of IVildliff' Oiva.,rs 8('!):221-221.
P[R EZ FARFANTE. I.. 1969. W,·,t(·rn .\1l;1111i,
shrimps of the gcn11s l,l'llnt'u.1. F,.,hf'r)• /l 11lll'ti11
67(3):461-591.
P ERK I NS. F.O .. 1968. Fine s truct11 rc o f the oy,1cr
pathoge n ,\linc hinia nf'isoni ( l l ap lo,po r id.i.
Hapl os po r idiidat') . ]011r11al of f n;,,,rt1'/Jrat 1·
Pat holog)' I 0(2 ):287-305.
PE R KINS. F.O .. 1969. Elfftron microsc ope ,t11dic~ o f
spornlation in the o yster pathogen. M i111 /11111a
costalis (Sporowa: Haplosporida J. Th i' Journal of
Parasitology 55(5):897-920.

PERKINS. F.O .. 197 1. Spor ulation in th<' trl'mawd,·
hyp<'rpara., itc I ·.-mprmdi11111 r rr.\r ,·11, lk 1'111 k . I '> 10
( Haplosporida: H aplosporid iidar) - an electron
microscope study. The Journal of JJaras,tolog v
57( I ):9-23.
PE R KI NS, F.O .. 1976a. Oermocvstidi111n 111ari1111111
infection in oysters. Marine Fishrries Jfr,.in,, 38( I 0):
19-2 I.
PER KI NS. F .O .. 1976b. Zoosporcs of the o ys1n
pathogen, Dermocystidium 111ari11um. I. Fine structure of the conoid and other sp orozoan -l ik,·
organelles. Thi' .J1111rn11/ ,,( l'ara.11t11l11gr fi~f(i):
959-974 .
PERKINS. F.O . AND M. CASTAGNA. 1971 . Ultrastructure of t hr Nebenko rprr or "secondary nude 11s"
of the parasitic amoeba Paramoeba prrniciosa
(Amoebida, Paramoe biclae). journal of f11wrtebrate
Pathology 17(2):186-193.

PE RRY. H.M ., 1975. The blue crab fis h ery in
Mississippi. Gulf R esearch R eports 5( I ):39-57.
PETERSEN. J .J., 1973. Role of mermithid nematodes
in biological con trol of mosquitoes. Experimental
Parasitology 33(2):239-24 7.
PETERSE , J.J. AND O. R. WILLIS. 1972. Resu lts
of pre lim inary field applications of Heesimermis
nielseni ( Mermithidae: Nematoda) to control
mosquito larvae. Mosquito News 32(3):312-316.
PLUMB. J.A., 1974. Viral diseases of fi sh es of the Gulf
of Mexico region. In 1974 Proceedings, Gulf Coast
R egional S)'mposium on J)isPases of Aq1111tic
Animals (eds. R.L. Am bo rski, M.A. Hood , and R .R.
Miller). pp. 55-75. LSU-SG-74-05. Baton Rouge:
Center for Wetla n d Resources, Louisiana State
University.
PLUMB, J.A .. J.H. SCH ACHT£, AND J.L. GAINES.
1974. S treptococcus sp. from marine fis h es a long
the A labama and northwest Florida coast of the Gulf
of Mex ico. Transactions of the American Fisheries
Society I03(2):358-361.
PROVASO LI, L. , J.J .A . McLAUGHLIN, AND M.R.
DROOP, 1957. T he developmen t of artificial m edia
fo r mari n e algae. A rc hiv fur Mikrobiologie
25:392-428.
P URDOM, C.E. AND A.E. HOWAR D, 1971. C i liate
infestat ions: a problem in marin e fish farming .
Journal du Conseil. Conseil Permanent International pour l'Exploratio11 de la M er33(3):5 1 l-5 1,I.

L iterature C ited

134 Marine Maladies?
DE P UYTORAC, P., A BATISSE. J. BOHATIER.
JO CORI.ISS. (;_ DEROl 'X . P. DIDIER . .J.
DRAGESC:O, G. F RYD-VERSAVEL, j. GRA! t
C. GROLIERE, R . HOVASSE, F. IFTODE.
M. LAVAL. M. ROQUE. A SAVOIE. AND M.
TllFFRA(l. 1971. Propositio n d'une classification
du phylum Ciliophora Doflein. 1901. Compte
Rrnd 11 dr /'Aradfmir drs Srienres. Pans 278:
2799-2802.
PY LE. R. ,\ND F. CROi'\1:--:. 19',0. T he g,·ncral
anatomy of the blue crab Callinectes safJidus
Rathbun. Chrs11pr11kr Biologiral Laboratory,
.\o/o111,J11.1 /sl1111,I, .\lar\'lllnd. 1'11bl11 lltHIII ;s;o. H7:
1-40.

Ql !CK. J.A .. JR.. 1971. Pathological and parasitological effects of eleva ted 1rmpcra1ur~s on the
oystn Cras.1·ostr<'II ,,irgi11ic11 wit h emphasis on the
pathogen Labyri11thomyxa mari,w. In A Pre/iminarv fm ,esti_e;11tio11: Thr Effert of Ele,,ated
T rmpr;ature 011 thr /l mnica11 Oyster C:rassostrea
virginica (Gmelin) (ed . J .A. Quick, Jr. ), Flonda
Dr/Jartment of Natural lfrsourffs, Marinr Rrsrarch
Laboratory. l"rofr.1.1io11al Paprrs Series No. 15:
105-176.
Q U ICK. j.A .. JR .. 1972. Fluid thioglycollate medium
assay of Labyrinthomyxa parasi tes in oysters. Flonda
Drp11rtment of Natural Resouras. 1\forine R esearrh
Laboratory, L eaflet Series 6(Pt. 4. No. 3): 1-12.
Ql ' ICK. J.A .. J R. AND G .E. HENDERSON, 1974.
Effects of Cymnodinium brew red t1de on fishes
a nd birds: A preliminary report o n behavior.
anatomv, hematology. and histopathology. In 197-1
Proreriings, Gulf Coast Regional Symposium on
Diseases of Aquatic Animals (eds. R.L. Amborsk,.
M.A. Hood. and R.R. Miller), p p. 85-113. LSU-SG 74-05 . Baton Rouge: Center for Wetland Resources,
Louisiana State University.
QU ICK. J. A., JR. AND G .E. HENDERSON, 1975.
Evidences of new ich thyointoxicative phenomena m
( ;\' 111110di11iu111 brr1 •r red tide,. In l"ma,,dingsof Thr
First International Conference on Toxir Dinoflagellate Blooms, Nol'. 197-1, Boston, Mass. (eel. V. R.
LoCicero). pp. 413-422 .
QUICK, J.A.. JR. AND J .G. MACKIN. 197 I. Oyster
•parasitism by Labyrinthomyxa manna 111 Florida.
Florida Department of Na tural Resources, Manne
Research Laboratory Professional Papers Series
No. 13: 1-.55 .
RAGAN. J.G. AND D.V. ALDRICH, 1972. In fection of
brown shrimp. Penaeus aztecus Ives by Proch r is ti an e /1 a penaei Kru se {Ces toda:
Trypanorhyncha) in southeastern Louisiana bays.
Transactions of the American Fisheries Soc,ety
l 01 (2):226-238.
RAGAN, J.G. AND B.A. MATHERNE, 1974. Studies
of Loxolhylacus texanus. In 1974 Proceedings, Gulf
Coast R egional Symposium on Diseases of Aquatic
Animals (eds. R .L. Amborski, M.A. Hood, and R .R .
Miller). pp. 185-203 . LSll -SG-74-05. Baton Rouge:
Center for Wetland Resources, Louisiana State
University.

R AY, S.M., 1954. Biological studies of Dermocystidium marinum. The Rice Institute Pamphlet,
Special Issue Monograph in Biology. 114 pp.

Symposium. Vol. I, Biology. pp. 586-591. Miami,
Florida: Ros('nstid School of 1'vlarin(' and Atmospheric Science.

READ, C.P., 1970. Parasitism and Symbiology. An
Introductory Text. 316 pp. New York: Ronald Press.

ROSEN. B.. 1967. Shell diseast' of tht' blue nab.
Callinectes sapidus. journal of Invertebrate
Pathology 9(3):348-353.

REES, G., 1969. Cestodes from Bermuda fishes a nd an
account of Acompsocephalum lorlum (Linton, 1905)
gen. nov. from the lizard fish Synodus intermedius
(Agassiz). Parasitology 59(3 ):519-548.

ROSENTHAL, H., 1967. Parasites in larvae of the
herri ng (Clupea harmg11s L.) fed with wild p lankton . Marine Biology I (I): 10-l'i.

REIMER, A.A., 197 1. Feeding behavior in the
Hawaiian zoanthids Palythoa and Zoanthus.
Pacific Science 25(4):512-520.
RIDGWAY, S.H. (ed.), 1972. Mammals of the Sea.
Biology and Medicine. 812 pp. Springfield: Charles
C. Thomas.
RIDGWAY, S.H. AND M.D. DAILEY, 1972. Cerebral
and cerebel lar involvement of trematode parasites
in dolphins a nd their possible role in stranding.
Jou ma/ of IVild/ifr Oisea.,es 8(1 ):33-43.
RIGDO ', R.H. AND K... BAXTER, 1970. Spontaneous necrosis in muscles of brown shrimp, Penaeus
aztecus Ives. Transactions of the American Fisheries
Society 99(3):583-587.
RILEY , J. , 1972a. Some observations on the life-cycle
of Reighardia sternae Diesing 1864 (Pentastomida).
Zeitschrift filr Parasilenkunde 40( I ):49-59.
RILEY, J., 1972b. Histochemic-al and ultrastructural
observations on feeding and digestion in R eighardia
sternae (Pentastomida: Cephalobaenida). Journal
of Zoology, London 167:307-318.
RILEY , J ., 1973. The structure of the buccal cavity and
pharynx in relation to the method of feeding of
Reighardia sternae Diesing 1864 (Pentastom1da).
International Journal for Parasitology 3(2): 149-156.
ROBERTS. L.S .. 1970. l:rgasilus (Copt'poda: Cydopoida): Revision and key to species in North
America. Transactions of the Amerzcan Microscopical Society 89(1):134-161.
ROBERTS . R.J. , 1975. Mela nin-containing cells of
1eleost fi sh and their re lation to disease. In The
Pathology of Fishes (eds. W .E. Ribelin a nd G .
Migaki), pp. 399-428. Madison: U ni versity of
Wisconsin Press.
ROBINS, C.R .. 1957. Effects of storms on the shallowwater fish fauna off Southern Florida with new records of fishes from Florida. Bulletin of Marine
Science of the Gulf and Caribbean 7(3):266-275.
ROG ERS, W.A., 1972. Disease in fish due to the
protozoan Epistylis (Ciliata: Peritricha) in the
southeastern U.S. Proceedings of the 25th Annual
Co11ferr11cr of thr Southrastern Association of Game
and Fish Commissioners:493-496.
ROGERS, W.A. AND J.J. GAINES, JR., 1975. Lesions
of protozoan diseases in fish. In The Pathofogy of
Fishes (eds. W.E. Ribelin and G. M1gak1), pp.
117-141. Madison: U niversity of Wisconsin Press.
ROHDE, K., 1977. Species diversity of monogenean
gill parasites of fish on the Great Barrier Reef. In
Proceedings of the Third international Coral Reef

ROSS. D.M .. 1967. Behavioural and t'COlog-ical relationships betwt't'n St'a an(·rnon('s and othl'.r
invertebrates. In Ocrn11ogmphy and Marinf' Biology
Annual R eview (eel. H. Barnes), 5:291-316. London:
George Allen and Unwi n .
ROSS, D.M., 1974. Evolutionary aspects of associations
between crabs and sea anemones. In Symbiosis in the
Sea (ed. W.B. Vernberg), pp. 111-125. Columbia:
University of South Carolina Press.
ROTHSCHILD, M. AND T. CLAY, 1957. Fleas,
Flukes and Cuckoos. A Study of Bird Parasites.
.~05 pp. New York: MacM illan.
SAND IFER, P.A. AND P.J. ELDRIDGE, 1974. Observations on the incidence of shell disease in South
Carolina blue crabs, Callinectes sapidus. In !974
Proceedings, Gulf Coast Regional Symposium on
Diseases of Aquatic Animals (eds. R.L. Amborski,
M.A. H ood, a nd R.R . Miller), pp. 161-184. LSUSG-74-05. Ba ton Rouge: Center for Wetland Resources, Louisiana State University.
SASTR Y, A.N. AND R.W. MENZEL, 1962. Influence
of hosts on the behavior of the commensal crab
Pinnotheres maculatus Say. Biological Bulletin
I 23(2):388-395.
SAWYER, T.K., G.L. HOFFMAN, J.G. HNATH,
AND J.F. CONRAD, 1975. Infection of salmonid
fish gills by aquatic amebas (Amoebicla: Thecamoebidae). In The Pathology of Fishes (eds. W.E.
Ribelin a nd G . Migaki), pp. 143 -150. Madison:
Un iversity of Wisconsin Press.
SAWYER, R.T. , A.R. LAWLER , AND R .M.
OVERSTREET, 1975. Marine leeches of the eastern
United States a nd the Gulf of Mexico w ith a key to
the species. Journal of Natural History 9(6):633-667.
SCHELL, S.C., 1970. How to Know the Trematodes.
355 pp. Dubuque: William C. Brown.
SCHM IDT, G.D., 1970. H ow to Know the Tapeworms.
266 pp. Dubuque: William C. Brown.
SCHMIDT, G .D. AND L.S. ROBERTS, 1977.Foundations of Parasitology. 604 pp. St. Louis: C .V.
Mosby.
SCH R ODER, J.H. (eel.), 1973 . Genetics and
Mutagenesis of Fish. 356 pp. New York: SpringerVerlag.

135

School of Marine and Atmospheric Science.
SELF, J.T .. 1969. Biological relationships of the
Pentastomida: a bibliography on the P<·ntastomida.
Experimental Parasitology 24( I ):63- 119.
SHERWOOD, M .J . AND A.J. MEARNS, 1977.
Environmental significance of fin erosion in
southern California demersal fishes. In Aquatic
Pollutants and Biologic Effects with Emphasis on
Neoplasia (eds. H.F. Kraybill, C.J. Dawe, J.C.
Harshbarger, a nd R.G. T ardiff), Annals of The New
York Academy of Sciences 298:177-189.
SHIELDS, R .J., 1970. R a te of develo pment of the
marine parasitic copepod, Lernaeenicus radiatus.
The Journal of Parasitology 56(4, Sect. 2, P t. 1):316.
S HOTTS, E .B., JR. , 1976. Rapid diagnostic
approaches in the identification of gram-negative
bacterial diseases of fish. Fish Pathology 10(2):
187-190.
S H ULMAN, S.S., 1966. Myxosporidia in the Fauna of
U.S.S.R. 507 pp. Moscow: U .S.S.R. Academy of
Science (In Russian).
SH ULMAN, S.S. AND G.A. S H TEIN, 1962. P rotozoa.
In Key lo Parasites of Freshwater Fish of the U.S.S.R.
pp. 5-236. (Tran slated from Russian, 1964).
J erusalem: Israel Program for Scientific Translatio ns.
SIBLEY, C.G. AND J.E. AHLQUIST, 1972. A
comparative study of the egg white proteins of nonpasserine birds. Peabody Museum of Natural
History, Yale University, Bulletin 39: 1-276.
SINDE RMANN, C.J., 1970. Principal Diseases of
Marine Fish and Shellfish. 369 pp. New York:
Academic Press.
SINDERMANN, C.J., 1971. Internal defenses of
Crustacea: a review. Fishery Bulletin 69(3 ):455-489.
SIN DERMANN, C.J. (ed.), 1977. Disease Diagnosis
and Control in North American Marine Aquaculture. Developments in Aquaculture and Fisheries
Science, 6. 329 pp. Amsterdam: E lsevier Scientific.
SINDERMANN, C.J. AND A ROSENFIELD, 1967.
Principal diseases of commercially important
marine bivalve Mollusca and Crustacea. Fishery
Bulletin 66(2):335-385.
SIZEMORE, R.K., R.R. COLWELL, H.S. TUBIASH,
AND T.E. LOVELACE, 1975. Bacterial flora of the
hemolymph of the blue crab, Callinecles sapidus:
n umerical taxonomy. Applied Microbiology 29(3):
393-399.
SKRJABIN , K.I. (ed .), 1949. Key to Parasitic
Nematodes. Vol. I Spirurata and Filariala. 497 pp.
Leningrad: Academy of Sciences of the USSR,
Helminthological Laboratory (Translated and
edited by M. Raveh, Israel Program for Scientific
Translations, 1968).

SCHULTZ, G .A., 1969. How to Know the Marine
lsopod Crustaceans. 359 pp. Dubuque: William C.
Brown.

SLEIGH, M.A., 1973. The Biology of Protozoa. 315 pp.
New York: American Elsevier.

SEBENS, K.P., 1977. Autotrophic and heterotrophic
n utrition of coral reef zoanthids. In Proceedings,
Third international Coral Reef Symposium. Vol. I,
Biology. pp. 397-404. Miami , Florida: Rosenstiel

SMITH, D.C., 1973. Symbiosis of algae with invertebrates. In Oxford Biology Readers No. 43 (eds. J.J.
Head and O.E. Lowenstei n ), 16 pp. London: Oxford
University Press.

136

Ma rine Ma ladies?

Glossary 137

SOC r\'.\'DA RES-BER NAL. F. A ' D J.R . S EE D. 197:L
Ame rica n paragonimiasis. In C11rrr111 T o jJics i11
C:m11/1a ra thw l'athobiolog)'. Vol. 2 (t'd. T.C. Chen g ).
pp. 1-56. ;<'". Yo rk: Acackrni c Prt'SS.

T ,\Y I.OR . (; .. R.IC ST IC KNEY . AN DR. H EAR D. Ill.
1973 . T wo a no ma lo us fl o und ers (Both idae, Etropus
rrossotu s) from G eorgia es tu ar i n e wa ter s .
Chesapeake S cience 14(2): 147.

burrowing and Ioco mo10r activi ty o f pin k shrimp ,
Penaeus d uorarum, brown shrimp, Penaeus azteci.is,
a nd whi te shrimp, Penaeus setiferus. C ontribu tions
in M arine S cience 19:2 1-35.

SOI.A N G!. M.A. ,\ t\' D D.\' . LIGHTN ER. 1976.
C<'ll 11 la r in fla mma to ry r<'spo ns<' of l'niarus aztrrus
;111d I'. srllfrrn., 10 th<' pa thogenic fu ng us. Fusarium
, p .. isola tl'd fiom tht' Cali fornia brown sh ri m p,
I'. , alifm·11 ir11si., . j o11 m a l of l m wrtrbratr l'atlwlog)'
27( I ):77-8<i.

T IFFAN Y. \l' .j.. Il l. 1968. T/1f/. if f' C: )'clr a11d Ecology
of the Beach Clam Donax variabilis Say (Mollu sca:
Pelrcypoda: Donacidae). M.S. thesis, Flo rida Sta te
Uni versity, T allahassee. 79 pp.
T RENCH . R.K .. 1974 . 1u1ri 1io nal po tentials in

WILKIE, D.W . AN D H. G O RDIN, 1969. O u tbreak of
cryptocaryoniasis in mari ne a q uaria at Scripps In sti tutio n o f O ceanography. Califo rnia Fish and
Game 55(3):227-236.

SP:\ R KS. ,\ .K. ,\ ND c:r FO NTA INE. 1973 . H ost
l<"Spmh<' in th!' whit!' sh rim p . Pr' lla f'II., sflifrrns. to
inln 1ion by th!' lan·al 1rypa 11orh ync h id n·stodr.
I'm, h rist ia11 r lln pe11at'i. j o11ma l of lm•rrtrbratr
l'atlwlog \· 22(2):21'!-219.
SJ>R,\ (; l ' F . , ·. 1954. Protozoa . In (; ulf of 1\frx irn. Its
Origi11. ll'" to s . a11d /\l ari11,, I. if,'. Fishr ry R 11/lrt i11 of
of ti,,, h ., J, a 11d l!'i ldlif,, S n 1•iu' 55:2·13-256.
SJ'R .-H ; l ' F. \ ' .. 1970a . Som<' p rotozoa n parasit es a nd
l"p,·rparasi1<·s in 1na ri11,· dt'capod Crustac!'a . In A
S1·111/J<!.li11111 0 11 f) isMsrs of Fish es an d S hrllfishes
(('d. S.F. Snic";zko ). ;/111erirn 11 Fish erirs Socirty
S /JffW I !'11blica tio11 No.5:1 16-430.
S l'R ACl ' E. \' .. 1970b. Somt' pro towan parasites and
111 p(Tparasi1,·s in m a ri ne bi,·a ln· m o ll uscs. In A
\ ;•111/Josiu m 011 f) iseasrs of Fish es a11d Shr/lfish es
(ed . ST . Snit's1ko). ,/ merirn11 Fisheries S ocir ty
SJ1rcial l'11blirntio11 No . ;-,: 511 -526.
S J' R,\(; l ' E. \' .. 1971. Discast'S o f o ysters. An1111al
N n ·i,,w of ,\I icmb iolog)' 2r>:2 I 1-230.
S l'R.-\ (;l ' E. \'.. R .l.. BECKETT.,\ ' DT.K. S A\\'YER .
19li9 . . \ n,·w spcci!', o f l'a ram orba (Amot'bida .
J'a1 a111<X'bidac ) pa rasit ic in tht' cra b C:a/li11ntrs
sa j)ldu.,. jo11ma l of l m •er/fb rntr l'ath o log)' 14(2 ):
l<i7- 17·1.
S J' R.\CllE. \ '. A N D J. CO ll CH. 197 1. An a111101a1cd
li, 1 o f prowzoa n parasites. h yperpa rasitcs. a n d
, 0111111,·nsa ls o f d ffa pod C:rns1acea . T h r journa l of
l'roto:oolog)' 18(3 ):526-537 .
STR EET . D .A . AN D \ ·. SPRAG U E. 1974 . A new
spffies o f l'lristo/1/wra (Microspo rida: Pleistophorid ac) parasit ic in the sh rimp l'alaemo11f'tf'S
/}l{gio. j o11rnal of 1111,n t,,&rnlf' Pa thology 23(2):
IS'l-1 :>6.
Sl •MMERS. M.D .. 1977 . Cha racterizatio n o f shri mp
bac u lo ,iru s . E P A - 60 0 3- 77 -1 30. F co l o gi c al
H. Psea,-r h Snirs. l·:111•iro11mf'11tal H. f'searrh L aborn/or)'· c; 11lf B,w:r. Florida. 36 p p.
SWE ENEY. J.C. A 1D S.H. RIDGWAY. 1975 .
Co mmo n d iseases o f sma ll cetaceans. j o11mal of thr
Amnica11 1' rtni11a ry Medical A ssociatio11 167(7):
533-540.
T AG ATZ. M.E. AN D A.B. H ALL. 197 1. An nota ted
bibliograph y on the fi sh ing industry a nd biology o f
the blue crab . Ca /linrrtes sa p idus. N OAA , T echnical
Heport N MFS SSRF 640:1-94.
TAYLOR , D.L.. 1974 . Sym bio tic m a rine a lgae:
iaxo no rn,· and bio logica l fitnt'ss. In S )•111b iosis 111
t he Sea (~cl. W .B. Vern berg ). pp. 245-262. Colum bia:
U ni,·ersity of Sou th Carolina P ress.

/ oa nt h11., .\Ociat11s (C oclen 1rra 1a. An 1ho zoa ).
I-Ielgolande r W issenschaft liche Meeresuntersuchungen 26(2): I 74-2 I 6.

T RENT. L ., E.J. P U LLEN , AND R . P R O CTOR,
1976. Abu ndance o f m acrocrustaceans in a na tura l
marsh a nd a ma rsh a ltered by d redging, bu lkhea d ing , a nd fi lling. Fishe ry Bulletin 74( 1):1 95-200.
U N ESTA M, T ., 1973 . Fu n gal d iseases o f Crustacea.
l fr1•it-11• of M edica l & 1' f'if'ri11a r)' J\l ycology 8( I): 1-20.
VAN DE R ZA N T , C . , E. M R OZ. A ND R.
N IC KEL SO N. 1970. Microbia l flora of Gulf of
Mex ico a nd po nd shrim p. j o urnal of Mi lk and Food
T ,,, l1no log \' 3'.3(8 ):3•16-3',0.

VAN ENGEL. W.A., W.A. DI LLON. D. ZWERNER.
AN D D. EL DRIDG E, 1966. L oxo t hy lacu s pano paei
(Ci rripedia . S,;cculinidae) a n intro clucecl parasite o n
a xa nth id crab in Chesapeake Bay, U.S.A. Crusta" '""" 10( I J: 11 0-11 2.
VEN ARD. C.E. A 1D R .V. BANG H AM, 194 1. Sebekia
ox yffp hala (Pen1as1omida ) fro m Flo rida fishes a nd
somr no tes o n the m o rp hology of the larvae. Ohio
j o u rnal of S rima 4 1( 1):23-27.
WALLS. j.G .. 1975 . Fishes of t he N orthern Gulf of
t\ fr xico. 432 pp. Nep tune Ci ty, N ew Jersey: T.F.H.
P u blica tio ns.
WARDLE. R .A. A 1D J.A. McL EOD. 1952. T he
Zoology of T apew orms. 780 p p. Mi n neapolis:
U niversity o f Minnesota P ress.
WATERTOR, J. L.. 1973. Incidence o f Hirudin ella
11rn ri11a ( ;ani n. 1730 (T rt'matoda: Hirnd incl lid ac)
in tu nas fro m the Atlan tic O cea n . T h e j o urnal of
Parasitolog y 59( I ):207-208.
\\'EDEM EYER . C.r\.. F.P. MEYER . AN D I.. SMITH.
1976. E1w iron mrn ta l Stress and Fish D iseases.
Book 5. In Diseases of Fishes (eels. S. F. Snieszko and
H .R. Axe lrod). 192 pp. Nep wne Ci ty, ew J ersey:
T.F. H . Publica tio n s.
\\'EI DNER . E .. 1970. U lt ras1ruc1ura l stud y of microsporid ia n developmen1. I. Nosema sp. Sprague, I 965
in Ca/li11ectes sapidt1s Ra thbu n . Zeitschrif t f u r
Zellforsch u ng und /'vi 1kroskopisch e A natomie l 05( I):
33 -54 .
WEID N ER , E .. 1972. U lt rastructu ra l swdy o f microspor iclia n in va s ion int o ce ll s. Ze itschr ift f iir
Parasite nkunde 40(3):227-242.
\\'E L LS. 1-1.\1' .. i\1.J . WELLS . AN D I.E. G R AY. 1960.
Marine sponges o f o n h Carolina . j o urnal of th e
U isha Mitch ell Scientific S ociety 76(2):200-245.
WIC KH AM, D.A. AN D F.C. MIN KLER , Ill , 1975 .
Labo ratory observa tions o n da il y pa t1erns of

WILLIAMS , A.B., I 965. Marine decapod crustaceans o f
the Ca ro linas. Fishery B ulletin 65( I): 1-298.
WILLIAMS, A. B., 1974 . T he swim ming crabs of the .
g en us Callin ectes (Decapoda: Ponunidae). Fish ery
Bulletin 72(3):685 -798.
WILLIAMS, E .H., JR . AN D W .A. ROGE RS , 1971.
T wo new species of G yrod actylus (Trematoda:
Monogenea) a nd a redescrip tio n a nd new host reco rd
fo r G . prolongis H arg is, 1955 . Th e j ournal of
Parasitology 57(4):845-847.
WILLIAMS, H . AN D A. JON ES, 1978 . Marine
H elminths and Human H ealth. Co mmon wealth
In sti t u te of H elm i n th o logy , Commonwea lt h
Agricu ltura l Bureau. CIH Miscella neous P ublicatio n No . 3: 1-47.
WO BESE R , G. , C . R . J OH NS O N, AND G .
ACOMPANADO, 1974 . Stom a1i1is i n a juven ile
white pel ican d ue to Piagetiella peralis( Ma llo phaga:
Menoponidae). Journa l of W ildlife D iseases 10(2):
135-138.
WO L F, K. AND M. E. MARKIW, 1976. Myxosoma
cer,,/Jralis: 111 ,,it ro spo rulation of the myxo sporidan
o f salmonid whirl in g d isea se . The J ournal of Protozoolog y 23(3j:42:H27.

YAM AG UTI. S .. 1959. Systrma lfrlmi11th11111 . l 'ol.
II. The Cestodes of Verteb rates. 860 pp. New York :
l nterscience.
YAMAG UTI, S. , 196 1. System.a H elmint hum. Vol. Ill .
T he Nematodes of Vertebrates, 2 Pans. 1261 p p.
New York: l nterscience.
YA M AGUT I , S. , 1963a. Systema H elminthum .
Vol. I V. M on ogenea and A sp id ocot ylea. 699 p p.
New Yo rk: Imerscience.
YAMAGUTI , S .. 1963 b . Systema H elminthum.
1'ol. 1' . A rnnthoaphala. 423 p p. :'\,·" · York:
I 111erscience.
YAMAG l lT I. S .. 1963c. Parasitic C:oprpoda and
Branch iura of Fishes. I 104 pp. New York: In 1erscience.
YAMAG UT I, S., 197 1. Synopsis of U igenetic T rematodes of Vertebrates. Vo ls. 1-11. 1074 pp., 349 p is.
T okyo: Keigaku.
YAMAG UTI, S., 1975. A Synoptical R ev iew of L ife
H istories of Digen etic T rematodes of Vertebrates
with S p ecial R eference to the M orphology of their
L arval Forms. 590 pp., 2 19 p is. Tokyo: Keigaku.
ZAM , S .G. , D .K. CA LD WE LL , A N D M .C.
CALD WELL , 1971. So me en doparasi tes from sma ll
odo111ocete cetaceans collected in Flo rida a nd
Georgia . Cetology 2: 1- 11.
ZANGERL, R., 1973. l111erre latio n ships of early
chondrich th ya ns. In l ntrrrriatio11shij1s of Fishf's
(eds . P .H . Greenwood , R .S. Mi les, and C.Pa tterson ),
Zoologica l j ournal of the L innea n Society 53
(S uppl. 1):1 - 14.

G LOSSARY
T he fo llowing definitio ns are included to
aid those not familiar wi th tech n ica l terms.
One desirin g more informa tion on sp ecific
terms dealing with parasites sh ou ld refer
to one of the cited work:; or some other
treatment of the group in question . T oo
la rge a nu m ber of vertebrate and invertebra te host-groups are men tio ned in the text
to discuss or classify here; therefo re, a reader
wan ting m ore informa tion on a h ost should
exa mine a n encycloped ia, a book on the
gen era l group in q uestion , or specific
p ap ers, several of wh ich have been cited in
the text.

carapace - The hard o u ter protecti ve covering of some animals. In crustacea ns, it
covers the h ead a nd gill region.
chitin - A skeletal materia l of arth ropods
a nd o ther invertebrates tha t decomposes
to sp ecific ch emicals (glucosamine a nd
acetic acid), if boiled wi th concen tra ted
h ydroch loric a cid. When impreg nated
with calciu m sa lts, it may help fo rm a
fi rm exoskeleton.
chlorophyll - Any of severa l p igmen ts
capable of pho tosynth esis. They p rovide
the green a nd yellow colors of ma n y
pla n ts.

apron of crab - The thi n a bdomen wh ich is
folded for ward on th e crab 's un derside;
it is sometimes called the ta il.
benthic - L iving in , living on , or referring to
the bo u om .

chloroplast - T he structure con taini ng
chloroph yll embedded in a cell.
chromatophore - A p igment-con taining cell
that by expa nsion or contractio n ca n
cha nge the overall color o f an organism.
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community (biotic) - The group of species
of p lants and animals living in and characteristic of a given habitat.
cuticle - T h e noncellular (therefore nonliving), usually horny, protective outer
covering of many invertebrates produced
by the animal.
disease - An abnormal conditi on of an
organism or part that impairs normal
physiological functioning.
estuary - T h e brackish wa ter regions of and
n ear river mouths influenced by tides.
fibroblast - A connective-tissu e cell that can
produce collagen, the primary component of scar tissue.
fish ! fishes - "Fish" may be singular for a
species or an individual or plural when
referring to more than one individual of
one or more species. "Fishes" is used
when referring to two or more species,
disregarding the number of individuals.
The term for a group of individuals comprising a variety of species used herein is
"fish," but some ichthyologists prefer the
term "'fishes."
free-living - An organism or stage not
symbiotic with a host; the organism may
be parasitic during one stage in its life
history a nd free-living in another.
gamete - The mature sperm or ovum capable
of participati ng in fertilization.
hemoglobin - One o f several pigments
used to transport oxygen, consisting of an
iron-complex coupled to a protein. It
occurs in the red blood cells of most
vertebrates and in body fluids or corpuscles of a va riety of nonrelated
invertebrates.
hemolymph! hemocytes - Hemolymph is
the circulatory fluid that bathes tissu es of
some invertebrates that do not have the
closed circulatory system found in vertebrates. It is functionally comparable to
blood and lymph of vertebrates. T h e
blood cells are called hemocytes.
host-specificity - The degree to which a
parasite can mature in more than one
host species. If a parasite infects only a
single species, it is highly host-specific.

Glossary

humoral-cellular mechanisms - When referring to immunity, responses are both
blood-mediated (humoral) and cellmediated. Antigenic responses involve
both systems.
hyaline - Refers to being translucent or
transparent without the presence of fibers
or granules.
hyperparasite - An organism which parasitizes another parasite.
hyphal mycelium - The mycelium is the
vegetative filamentous stage of a fungus,
and an individual branch is called a
h ypha.
inclusion body - A particulate body found
in cells of tissue infected with a virus.
infection/infestation - An infection is the
invasion or state resulting from an invasio n by a parasite or a pathogen into a
host. An infestation is an external rather
than internal invasion. If both internal
and external organisms occur on one host,
all the associations are collectively referred to as infections. Some biologists, however, restrict the term " infestation" to
either internal or external associations
with metazoans. Neither an infection nor
an infestation necessarily implies disease.
instar - A larval stage of a n insect characterized by the animal's size and form between
molts.
intermediate host - A host in which a larval
parasite develops, but not to sexual
maturity.
long-line - A fishing line usually maintained by an anchor a nd buoy with
numerous, spaced, hooked lines.
lorica - A secreted noncellular (therefore
non-living) protective case. The examp les
in the text all involve ciliate protozoans.
measurements - For those confused about
metric units, the following aids migh t
h elp.
multiplied by
the following
number is
centimeters
inches
feet

0.3937
2.54
30.48

inches
centimeters
centimeters

liters
gallons
l meter

0.2642
gallons
3. 785
liters
= 100 centimeters (cm) =
39.37 inches
!cm
= IO millimeters (mm) =
0.394 inches
1 mm
= 1000 microns (µ,)
0.039 inches
The diame ter of a human h eadhair varies
am on g individuals; those of a few friends
ra nge from 60 to 80 µ, wide.
A common wooden pencil is about 7 mm
(5/ 32 inch) wide.
A penny is 19 mm wide by about 1 mm thick.
A stick of gum is 75 mm (7.5 cm or about
3 inches) long.
A 10 ounce (about 0.3 liter) Coca-Cola bottle
is 24.5 cm (9 21/32 inch es) high.

metabolic - Pertaining to the complex of
physical a nd ch emical processes involved
in maintaining- life.
necrotic - Refers to the pathologic death of
living tissue while still on a living body as
opposed to that which continually dies
and is sloughed.
niche - T he position or status of an
organism within its community resulting
from struc tural adaptations, p h ysio log ical responses, and innate or learned
behavior.
photosynthesis - The synthesis of simple
organic matter from carbon dioxide and
water, using light as the energy source.
phylogenetic - Referring to the evolutionary
development o f a plant or animal.
phylum (pl. -la) - A primary taxonomic
division of the animal (or plant) kingdom. As an example, snails, clams,
chitons, and octopus all belong to
different classes in the phylum Mollusca.
plankt on - The floating and drifting aquatic
organisms whose primary movements
result from wa ter movement rather than
their swimming efforts.
prepatent period - T hat period between
invasion by a disease-agent a nd demonstration of disease or a parasite in the body
(such as by eggs or cysts in feces) .
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prevalence!incidence - Prevalence is the
degree to which a disease or infective
agent occurs. It is often measured as the
percentage of a population affected with a
particular organism at a given time. Many
biologists define incidence identically.
More precisely, the term "incidence"
indica tes the rate of occurrence of new
cases o f a particular infection in a
population.
reservoir host - An organism serving as a
source of infectio n for a specific organism
by harboring the infectious agent.
resistance - The ability of an organism to
withstand the effects of physical, chemical, a nd biological agents which might
otherwise debilitate it.
salinity - The sum of the various salt
components in seawater usually represented as parts per th ousand (ppt). Open
ocean salinities remain about 35 ppt (3.5%
salt), and in Mississippi Sound, salinity
values usually range between 6 and 15
ppt depending primarily on the direction
and force of the wind.
sclerotized - Ha rdened by substances other
than chitin.
serum/ p lasma - Plasma is the watery fluid
containing salts, proteins, and other
organic compounds in which blood cells
are suspended. After the blood clots and
loses man y cons tituen ts, the clear
remaining fluid is serum.
sign/ symptom - A sign is any objective
evidence of a disease or disorder, as
opposed to a symp tom, which is the
subjective complaint of a patient.
sp. - Abbreviation for species, and when
used in conjunction with a generic name,
it indicates the identification of the
species is unknown or uncertain. If mo re
than one species of a genus is being
referred to, spp. is used.
spent - Referred to in above context as
depleted of most reproductive products.
spore - A term defining a different structure
for different o rga nism s. Typically a
single - or few-celled resting or resistant
stage produced asexually.
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substrate! substratum (pis. -tes, -ta) - A
substrate is the material or substance
upon wh ich a chemical enzyme acts,
whereas a substratum is the underl ying
m ateria l on which an organism grows or
attaches.
systemic - Pertaining to the en tire body,
such as a n infection wi th a bacterium
dispersed through the body by the blood
stream.
tumor! cancer - "Tu mor" refers to a
swelling serving no physiological function; it may be a neoplasm , a parasitic
outgrowth, or any other growth. A
neoplasm may be benign or malig nant,
the latter being characterized by its ability
to invade tissue a nd metastasize to new
sites. Typica ll y, o nl y a malig n a nt
neoplasm is referred to as a cancer.

vector - An invertebrate or in some cases
wind, water, or oth er agents which
transmit a parasite or disease organism,
usually to a vertebrate recipient. If
development o f a parasite occurs, the host
is called an intermediate host unless
deve lopment includ es sexua l reproduction and then it is ca l led a n
invertebrate host. Man is actually the
intermediate host for malaria organisms
which have their sex ua l stage in
mosquitoes.
zooid - An individua l form ing part of a
colony in the Protozoa, Cnida ria, and
o ther grou ps. A zooid can specialize in
reprodu ction, feeding, food capture,
protection, or locom otion.
zoonosis - A disease of invertebrates or
vertebrates other than man which may be
transmitted to man.
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